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PREFACE. 



The present Volume completes an entirely rewritten and greatly 
enlarged Second Edition of the Author^s ^^ Practical Chemist ry.^^ The 
reasons for the change of title have been already explained in the preface 
to Vol. I., the volume on ^^ Foods " 

In both Manuals — •* Foods" and *' Poisons" — a common mode of 
introducing the subject by an historical notice has been adopted ; — in 
the one case, successive methods of Food-Adulteration were briefly 
sketched, and, in the other, the forms of poisoning practiced by different 
nations at different periods, together with the growth of modem Toxi- 
cology, have been passed under review. 

The primary object in the Classification followed is the convenience 
of the Practical Chemist ; but, wherever possible, '' natural " groups of 
Poisons have been formed. 

Snake-poison and other toxic Animal Secretions have received notice, 
and much attention has been paid to a subject comparatively unworked 
— that of the Cadaveric Alkaloids. 

In the Appendix will be found a brief resumS of the latest methods 
for the identification of Stains of Blood : and, for immediate reference 
in cases of emergency, it has been thought advisable to add an alphabot- 
ically-arranged List of the more common Poisons, with brief directions 
for treatment. 
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POISONS 

rUEIR EFFECTS AND DETECTION. 



PART I.— INTRODUCTORY. 



I.— THE OLD POISON-LOEE. 

It is Bignilicant that the root " iox" of tho modem word foxi- 
tology can be traced back to a very ancient word meaning "bow" or 
" arrow," or, in its broadcat sense, some " tool " used for slaying : hence 
it is no far-fetched enpposition that tho first poison -knowledge was that 
of the septic poisons. Perchance the savage found that weapons soiled 
with the blood of former victims made wounds fatal ; from this obaer- 
Tation, the next step naturally would be that of eiperimout, — the arrow 
oc Bpear would be steeped in all manner of offenBivo pastes, and smeared 
with the vegetable juicea of those plants which were deemed noxious; 
Wd aa the effects were mysterious, they would he ascribed to the super- 
natural powers, and covered with a veil of superstition. 

The history of the poison-lekre, like all history, begins in the region of 
the myths ; there was a dark saga prevailing in Greece, that in the far 
North existed a land ruled by sorcerers — all children of the sun — and 
Duned Aeetcs, Perses, Hecate, Medea, and Circe. Later on, the en- 
chanted land was localised at Colchifl, and Aegtea and Perses were then 
•aid to bo brothers. Hecate was the daughter of Perses ; she was 
Diarried to AeStea, and their daughters were Medea and Circe. 

Hecate was the discoverer of poisonous herbs, and learned in remedies 
hoth evil and good. Her knowledge passed to Medea, who narcotised 
the dragon, the guardian of the golden fleece, and incited Jason to great 
Oudertakings. 
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In the expedition of the Argonauts, the poets loved to describs 
Hecate's garden, with its lofty walls. Thrice-folding doors of ebony 
barred the entrance, which was guarded by terrible forms ; only tlie 
initiated few, ouly they who bore the leavened rod of ex]iiation, iind the 
concealed conciliatory offering of the Medea, could enter into the 
Banctuary. Towering above all was the t«mplo of the dread Hecate, 
whose priestcsBes offered to the gods ghastly saerifices. 

The oldest Egyptian king, Menea, and Attains Phylometer, the 
last king of Pergamiis, were both fimious for their knowledge of plant* 
Attains Phylometer was acquainted with hyoscyamua, aconite, conium, 
veratrum, and others ; he e.vperimeutcd on. the preparation of poisona, 
and occupied himself in compounding medicines. Mithradetoa Enpator 
stood yet higher ; the receipt for the famous Ihcnaca, prepared in later 
years at an enormous price, and composed of fifty-four different ingred- 
ients, is ascribed to liim. The wonderful skill shown by the Egyptians 
in embalming and technical works, issnfficieut to render it fairly certain 
that tJieir chemical knowledge was considerable ; and the frequent o] 
tions of one caste upon the dead must have laid the fouudaUouB eft 
pathological and anatomical culture, of which only traces remain. 

The Egyptians knewpruasic acid, as extracted in a dilute state 
certain plants, among tlie chief of which was certainly the peach— on: 
papyrus preserved at the Lou^to, M. Duteil read, " Pronounce not 
name of I. A. 0., under the penalty of the jwach !" in whicli t 
threat, without doubt lurks the meaning that those who revealed 
religious mysteries of the priests were put to death by waters distilk 
from the peach. That the priests actually distilled the peach-leave6 
been doubted by those who consider the art of distillation a 
invention ; but this process was well known to adepts of the third 
foui'tb centuries, and there is no inherent improbability in the eup| 
tion that the Egyptians practised it. 

From the Egyptians the knowledge of the deadly drink ap] 
to have passed to the Uomans, for, although not expressly mentioned, 
the fact that, in the reign of Tiberius, a Roman knight, accused 
high treason, swallowed a jwison, and fell dead at the feet of I 
senators, is wholly inexplicable, nnless it is allowed that the fatal il 
was prussic acid, and that in a tolerably concentrated form. 

The use of poison by the Greeks, as a means of capital pttniBhma 
without doubt favoured suicide by the same means ; the easy, pail 
death of the state prisoner would be often preferred to the aword by 
tired of life. The ancients looked indeed upon suicide. In 
instances, as something noble, and it was occasionally formally sa 
tioned. Thus, Valerius Maximus tells ns that he saw a woman 
quality, in the island of Ceos, who, having lived happily for nia 
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years, obtained lesTG to take a poisonous dranght, lest, by living longer, 

she should hajipcn to have a change in her good fortune ; and, curioualy 

enoQgh, this sanctioning of self-destruction seems to have been copied 111 

rope. Mead relates thut the people of Marseilles of old had a poisou, 

it by the public authorities, in which cicuta was an ingredient ; a 

ise was allowed to any one who could show why he should desiro death. 

■Whatever use or abuse might bo made of a few violent poisons, Greek 

and Koman knowledge of poisons, their effects and methods of detection, 

iras Gtutiouary, primitive, and incomplete. 

yicander of Colophon (304-138, B. c.) wrote two treatises, the most 
.cient works on this subject extant, the one describiug the effects of 
,ke venom ; the other, the properties of opium, henbane, certain fungi, 
colchicum, aconite and conium. He dirided poisons into those which 
kill quickly, and those which act slowly. As antidotes, those medicines 
are recommended which excite vomiting — e. g., lukewarm oil, warm 
water, mallow, linseed tea, &c. 

Dioscorides (40-90, a. d.) well detailed the effects of cantharides, sul- 
phate of copper, mercury, lead and ai-senic. By arsenic he wonld appear 
sometimes to mean the sulphides, sometimes the white uside. Iliosco- 
rides divided poisons, according to their origin, into throe classes, viz : — 
Anijnal Poisons. — Under this head were classed cantharides, and 
allied beetles, toads, salamanders, poisonous snakes, a particular variety 
of honey, and the blood of the ox, probably the latter in a putrid state. 
He also speaks of the "sea-hare." The sea-hare was considered by the 
ancients very poisonous, and Domitiim is said to have murdered Titus 
■with it. It is supposed by naturalists to have been one of the genus 
aplysia, among the gasteropods. Both Pliny and Dioscoridea depict the 
animal as sometimes very formidable : it was not to be looked at, far less 
touched. Tho aplysise exale o very nansooua and fcetid odour when 
they arc approached : tho Iwst known of the species resembles, when in a 
state of repose, a mass of unformed flesh ; when in motion, it is like 
A common slug ; its colonr is reddish-brown ; it has four horns on its 
head ; and the eyes, which are very small, are situated between the two 
hinder ones. This aplysia has an ink reservoir, like the sepia, and ejecta 
H io order to escape from its enemies ; it inhabits the muddy bottom of 
Uie water, and lives ou small crabs, mollusca, &c. 

Poisons from Plants. — Dioscorides enumerates opium, bhick and 
white hyoscyamus (especially recognising the activity of the seeds), man- 
dmgora, which was probably a mixture of various solanaceas, conium 
(laed to poison the condemned by the people of Athens and the dwellers 
of ancient Maaailia), elaterio. and tho juices of a species of euphorbia 
tmd apocyncffi. He also makes a special mention of aconite, the name of 
which is derived from Akon, a small city in Heraclea. The Greeks were 
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well aware of the deadly niitnre of aconite, and gave to it a mythical origJSf 
from the foam of the dog C'erhenis. Colehicuin was also known to Dioft- 
coridee ; its first use wae ascribed to Medeu. Veratmm, album and nig* 
mm were famous medicines of the Romans, and a conatitaent of tbei 
" ral and mice powders ; " they were also used as insecticides. Accordin] 
to Pliny, the GauU dipped their arrows iu a preparation of veratrutn.* 
Daphne mezereon, called by the Romans also smilax and taxas, appeait 
to have been used by Cativoleus, the king of the Eburones, for the j 
pose of suicide, or possibly by " tasus " the yew-tree is meant, f 

The poisonous properties of certain fungi were also known. Kicanda 
calls the venomous mushrooms the '* evil fermentation of the earth," and 
prescribes the identical antidotes which we would perhaps give at tba 
present time — viz., vinegar and alkaline carbonates. 

Mineral Poisons. — Arsenic hns been already alluded to. TM 
ancients used it as a caustic and depilatory. Copper was known as si 
phate and oxide ; mercury only as cinnabar : lead oxides were used, a 
milk and olive-oil prescribed as an antidote for their poisoDoaa proper 
ties. The poisoit-lehre for many ages was considered as something fi 
bidden. Galen, in his treatise "On Antidotes," remarks that the onlj 
authors wlio dared to treat of poisons were Orplieua, Theologus, Mom^ 
Mondesius the younger, lleliodoras of Athens, Aratua, and a few otheiB} 
hut none of these treatises have come down to us. From the close ramil 
arity of the amount of information in the treatises of Nicander, DioscW 
ides, Pliny, Galen, and Paulus -Dgincta, it is propable that all wen 
derived from a common source. 

If we turn our attention to early Asiatic history, a very cursoij 
glance at the sacred writings of the East will prove how soon the art o 
poisoning, especially in India, was used for the purpose of suicid^; 
revenge, or robbery. 

The ancient practice of the Hindoo widow — self-immolation on t 
burning pile of her husband — is ascribed to the necessity which thi 
Brahmins were under of putting a stop to the crime of domestic j 
soning. Every little conjugal quarro) was liable to bo settled by thii 
form of secret assassination, but such a law, as might be expects^ 
checked the practice. 

Poison was not used to remove human beings alone, for there h 
been from time immemorial in India much cattle-poiaoning. In tl 
institutes of Menu, it is ordained that when cattle die, the herdsnuj 
shall carry to his master their ears, their hides, their tails, the aid 
below their navels, their tendons, and the liquor oozing from their fon 
heads. Without doubt those regulations were directed against < 
poisoners, 

•PUnf XXV. S. iDe BeOa OaUico. vi. 81. 
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The poisons known to the Asiatics were arsenic, aconite, opinm, and 
Tarioua solaDaceoua plants. There has been a myth floating through the 
agca that a poison exists which will slay, a long time after its introduc- 
tion. All m^ern anthors have treated the matter as an exaggerated 
legend, bnt for my own part, I see no reason why it should not, in 
reality, be founded on fact. Tliere is little doubt that the Asiatic 
poisoners were well acquainted with the infectious qualities of certain 
fevers and malignant diseases. A'ow, these very malignant diseases 
answer precisely to the description of a poison which has no immediate 
effects. Plant amall-pox in the body of a man, and for a whole fortnight 
he walks about, well and heai-ty. Clothe a person with a garment soaked 
in typhus, and the same thing occurs — for many days there will be no 
sign of failure. Again, the gipsies, speaking a tongue which is esseU' 
tially a deformed prakrit, and therefore Indian in origin, have long 
possessed a knowledge of the jiroperties of the curious " viucor phycomy- 
ces." This was considered an algae by Agaron, but Mr. Berkeley refers 
it to the fungi. The gipsies are said to have administered the spores of 
this fungi in warm water. In this way tliey rapidly attach themselves 
to the mucous membrane of the throat, all the symptoma of a phthisis 
follow, and death takes place in from two to throe weeks. Mr. Berkeley 
informs me that he has seen specimens growing on broth which had been 
rejected from the stomach, and that it develops in enormous quantities 
on oil casks and walls impregnated with grease. The filaments are long, 
from 12 to 18 inches, and it is capable of very rapid development. 

There is also a modern poison, which, in certain doses, dooms the 
unfortunate individual to a teirible malady, simulating, to a considerable 
extent, natnml disease ; that is phosphorus. This poison was, however, 
unknown until aome time in the eleventh century, when Alchid Becher, 
blindly experimenting on the distillation of urine and carbon, obtained 
his " eacarbmicle," and passed away without knowing the importance of 
his discovery, which, like so many others, had to be rediscovered at a 
later period. 

The Hebrews were acquainted with certain poisons, the exact 
natnre of which is not quite clear. The words " rosch " and " chema " 
seem to be used occasionally as a generic term for poison, and sometimes 
to mean a apecific thing; "rosch," especially, is used to signify some 
])oi90uous parasitic plant. They knew yellow arsenic under the name of 
"aatn," aconite imder the name of '* bogchka," and possibly "sow" 
means ergot.* In the later ])ejiud of their history, when they were dis- 
persed through various nations, they would naturally acquire the knowl- 
edge of those nations, without losing their own. 

• H. J. "Wunderbar, BiblUch-talmudUche Medicin. Leipzig, 1860-60, 
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The part that poison haa played in histoij is considerable. 
pharmaceutical knowledge of the ancients is more graphically »n 
terribly shown in the deaths of Socratea, Demosthenes, Hannibal at 
Cleopatra, than in the pages of the older writers on poisoDS. 

In the reign of Artaxcrxes II. (Mnemon), (b. c. 405-359), Phry 
poisoned the queen Statira by cutting food with a knife poisoned on m 
side only. Although this has been treated as an idle tale, yet ti 
poisons, aconite and arsenic, were at least well known ; either of thei 
conld have been in the way mentioned introduced in snfBcient qoantit 
into fooil to destroy life. 

In the early part of the Christian era, professional jmisonera e 
and for a long time esercised their trade with impunity. Poieoning n 
so much in use aa a political engine that Agrippina (a.d. 26) refused t 
eat of some apples offered to her at table by her father-in-law, Tiberim 

It was at this time that the infamous Locusta flourished. 8he i 
said to have supplied, with suitable directions, the poison by ' 
Agrippina got rid of Claudius ; and the same woman was the principi 
agent in the preparation of the poison that was administered to I 
nicus, by order of his brother Nero. The details of this intere 
case have been recorded with some minutenesB, 

It was the custom of the Romans to drink hot water, a dran^ 
nauseous enough to us, but, from fashion or habit, considered by tho 
a luxury ; and, as no two men's tastes are alike, great skill was showi 
by the slaves in bringing the water to exactly that degree of beat whiol 
their respective masters found agreeable.* 

The children of the Imperial house, with others of the great I 
families, sat at the ban(iuet3 at a smaller side tJible, while their parent 
reclined at the larger. A slave brings hot wiiter to Britunnicns ; it is b 
hot; Bri tan nicus refuses it. The slave adds cold water ; and it is th 
cold water that is supposed to have been ]ioisoned ; in any case, Britanni 
ens had no sooner dnmk of it than he lost voice and respiration. Agri[ 
pina, his mother, was struck with terror, aa well as Octavia, his f 
Nero, the author of the crime, looks coldly on, saying that such fits oft 
happened to him in infancy without evil result; and after a . 
moments' silence, the banquet goes on oe before. If this were not t 
den death from heart or brain disease, the poison must have been cdthfl 
a cyanide or prusaic acid. 

In those times no autopsy was possible ; although the AlexandriH 
school, some 300 years before Christ, had dissected both the living aU 
the dead, the work of Herophilos and Eraaistrutus had not been pnrsaed 
and the great Roman and Greek writers knew only the rudimenta a 

* T^dtiis : lib. xti., xiil Mentioned also hy JuTenal ukd Buetonins. 
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hnman ftnatomy, while, as to pathological changes and their true inter- 
pretation, their knowledge may bo said to have been absolutely nil. It 
was not, indeed, until the fifteenth century that the popes, silencing 
ancient scruples, authorized iliBSoctions ; and it wua not until the eix- 
teenth century that Vosaliua, the first worthy of being considered a great 
anatomist, arose. In default of pathological knowledge, the ancients 
attached great importance to mere outward marks and discolorations. 
They noted wiih special attention spots and lividity, and supposed that 
poisons singled out the heart for some quite peculiar action, altering ita 
sabstance in such a manner that it resisted the action of the funeral pyre, 
and remained unconsumed. It may, then, fairly be presumed that many 
people must have died from poison without suspicion, and still more from 
the sudden effects of latent disease, ascribed wrongfully to poison. For 
example, the death of Alexander was generally at that time ascribed to poi- 
son ; bat Littfe has fairly proved that the great em [>er or, debilitated by his 
drinking habits, caught a malarious fever in the marshes aronnd Babylon, 
and died after eleven days' illness. If, added to sudden death, the body, 
from any cause, entered into rapid putrefaction, such signs wore consid- 
ered by the people absohitely eonclusive of poisoning — tliis belief, indeed, 
prevailed up to the middle of tlie seventeenth century, and lingers still 
among the nneducated at the present day. Thus, when Brifjinnicua 
died, an extraordinary lividity spread over the face of the corpse, which 
they attempted to conceal by painting the face. When Pope Alexander 
VI. died, probably enough from poison, his Ixidy, (according to Guic- 
ciai'dini) became a frightful spoctaclo — it was livid, bloated, and de- 
formed ; tho gorged tongue entirely Sllefl the mouth ; from the nosa 
flowed putrid pus, and tha stench was horrible in the extreme. 

All these effects at decomposition, wo know, are apt to arise in 
coarse, obese bodies, and accompany both natural and unnatural deaths; 
indeed, if we look strictly at the matter, putting on one side the preserv- 
ative effects of certain metallic poisons, it may be laid down that gener- 
ally the corpses of those dying from poison are less apt to decompose rap- 
idly than those dying from disease — this, for the simple reason that a 
I majority of diseases cause changes in the fluids and tissues, which render 
(refactive changes more active, while, as a rule, those who take poison 
tenddenly killed, with their fluids and tissues fairly healthy. 
When the Duke of Burgundy desired to raise a report that John, 
nphin of France, was poisoned (1457), he described the imaginary 
pt aa follows : — 
" One evening our most redoubtable lord and nephew fell so griev- 
onaly sick that he died forthwitli. His lips, tongue, and face were swol- 
len ; bis eyes started out of his head. It was a' horrible sight to see — ^for 
■D look people that are poisoned." 
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The favourite powder of the profesBional poiBOm 
known to crowned heads in the fourteenth century ; and there hae coma 
down to us a curious document, drawn out by Charles lo Mauvaie, Kin|[ 
of Navarre. It is a commission of murder, given to a certain Woudr^. 
ton, to poison Charles VI., the Duke of Valois, brother of the king, anj 
Lis uncles, the Dukea of Berry, Burgundy, and Bourbon:- 

"Go thou to Paris; thou canst do great service if thou wilt dft 
what I tell thee ; I will reward thee well. Thou shalt do thus : There q 
a thing which is called sublimed arsenic ; if a man eat a bit the size of I 
pea, he -will never survive. Thou wilt find it in Pampeluna, Bordeaux 
Bayonne, and in all the good towns, through which tliou wilt pasa. at 
the apothecaries' shops. Take it, and powder it ; and when thou shalt 
be in the house of the king, of the Count fle Valois, his brother, tha 
Dukes of Berry, Burgundy, and Bourbon, draw near, and betake thyself 
to the kitchen, to the larder, to the cellar, or any other place where thj 
pomt can be best gained, and put the powder in the soups, meats, or 
wines, provided that thou canst do it secretly. Otherwise, do it not* 
Woudreton was detected, and executed in 1384.* 

A chapter might be written, entitled "royal poisoners." Einf 
Charles IX. even figures as an experimentalist.! An unfortunate co^ 
has stolen two silver spoons, and, since there was a question whether 
" Bczoar " was an antidote or not, the king adminietere to the cook i 
lethal dose of corrosive sublimate, and follows it up with the autidotaj 
but the man dies in seven hours, although ParS also gives him oil. Tmlg 
a grim business ! 

The subtle method of removing troublesome subjects has been n 
often practised on the Continent than in England, yet the Engliali 
throne in olden time is not quite free from this stain.t The use 

•IVeior de Chartea. Charles de Navarre. P. Mortonval, vol. ii.. p. 88*. 

f tEutres de Pare. 2nd ed., liv. xx. Dea Vennea, chap, iliv., p. 507. 

i For example, King John is believed to have poisoned Maud Fitzwalter IT* 
" a poisoned egg." 

" In the reign of King John, the White Tower received one of tlie first and; 
fairest of a long line of female victima in that Maud Fitiwalter who was kaowi 
to the singers of ber time as Msnd the Fair. The fstlior of this beautiful gii$ 
was Botiert, Lord Fitzwalter. of Castle Bajnard, on the ThameB. one of Johidl 
greatest b^-ons. Yet the king, dming a fit of violence with the queen, fcB 
Mfldly in love with this young girl. As neither the lady herself nor herpowerfti 
aire would listen to bia disgraceful suit, the king is said to have seiased her ^ 
force at Duniaow, and brought her to the Tower. Fitzwalter raised an ODtcn} 
on which the king sent troojis inio Castle Bajnard and his other houses; 
when the baroa protested against these wrongs, liia master banished him fi 
the realm. Fitzwalter fled to France with his wife and his other children, leKt 
ing bia daughter Maud in the Tower, where she suffered a daily insult in 
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poison is wholly opposed to the Anglo-Saxon method of thought. To 
what auger the people were wrought on detecting poiBonere, is seen in 
the fact that, in 154'^, u young woman was boiled alive in Smithtield for 
poisoning three households.* 

Two great criminal schools arose from the fifteenth to the 
■eventeenth centuries in Venice and Italy. The Venetian poisoners are 
of earlier date than the Italian, and flourished chiefly in the fifteenth 
century. Here we have the strange spectacle, not of the depravity of 
individuals, but of the government of the statu formally recognising 
secret assassination by poison, and proposals to remove thia or that 
prince, duke, or emperor, as a routine part of their deliberations. Still 
more cnrions and unique, the dark communings of "the council 0/ 
ten " were recorded in writing, and the number of those who voted for 
and who voted against the proposed crime, the reason for the assassina- 
tion, and the sum to be paid, still exist in shameless black and white. 
Those who desire to study this branch of secret history may bo referred 
to a small work by Carl Iloff, which gives a brief aocount of what is 
known of the proceedings of the council. One example will here 
auflice. Ou the 15th of December, 1513, a Franciscan brother, John of 
Hagubo, offered a selection of poisons, and declared himself ready to 
Temove any objectionable person out of the way. For the first successful 
<sase he required a pension of 1500 ducats yearly, which was to be 
^creased on the execution of future services. The presidents, Giro- 
lando Duoda and Pietro Guiarini, placed the matter before tho '■ ten " on 
ihe 4th of January, 161-1, and on a division (10 against 5) it was 
Tesolved to accept so patriotic an offer, and to experiment first on the 
Emperor Maximilian. The bond laid before the "ten" contained a 
regular tariff— for the gi-eat Sultan 600 ducats, for the King of Spain 
150 ducats, but the journey and other expenses were in each cose to be 
defrayed ; the Duke of Milan was rated at 60, the Marquis of Mantua 
at 50, tlie pope conld bo removed at 100 ducats. The curious oSer thus 
concludes : "The farther the journey, the more eminent the man, tho 

king's unlawful euit. On her proud and scomful answer to hia passion behig 
heard, John carried her up to the roof, and locked herin the round turret, stand- 
ing OD the northeast angle of the keep. Maud's cage was the highest, chilliest 
den in the Tower ; but neither cold, nor soUtude. nor hunger could break her 
strengtti. Id the rage of hia diaappointt^d love, the king sent one of his minions 
to her pooni with a poisoned egg, of which tlie brave girl ate and died." — " Uer 
Ma jefltj-'B Tower." By Hepworth Dison. Lond. la6fl; i, p. 46. 

•"Thisyeare, the ITthof March, was bojledinSnuthfieldoneMargaretDavie, 
atnayden, which hadpouysoned 8 houaeholdes that she dwelled in. One being 
her mistress, wbich dyed of the same, and one Darington and his wyfe, which 
•be ftlao dwelled with in Coleman Street, which dyed of the same, and also one 
UbIo^ vhich dfed Also of the same."— Wriotherley's " Chronicle," a.d. 1543. 
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more it is necessary to reward the toil and hardships undertaken, 
the heavier must be the payment." The council appear to have quietly 
arranged thus to take away the lives of many public men, bat tbeir 
efforts were only in a few cases successful. When the deed was done, it 
was registered by u single marginal note, "faclvm," 

What drugs the Venetian poisoners used is uncertain. The Italians 
became notorious in the sixteenth and seventeenth centuries for their 
knowledge of poisons, partly from the deeds of Toffana and others, and 
partly from the works of J. Baptista Porta, who wrote a very compre- 
hensive treatise under the title of "Natural Magic,"* and managed to 
slide into the test, in the sections on cooking {De Me Coquinaria, lib. 
xiv.) a mass of knowledge as to the preparation of poisons. There 
prescriptions that little accord with the title, unless, indeed, the tradw 
of cook and poisoner were the same. He gives a method of drugging- 
wine with belladonna root, for the purpose of making the loaded guest 
loathe drink ; he also gives a list of solanaceous plants, and makes 
special mention of nux vomica, aconite, veratrum, and mezereon. Again, 
in the section {De Ancupio, lib. xv.) lie gives a recipe for a very strong* 
poison, which he calls " venenvm lupinum;" it ia to be made of tha- 
powdered leaves of Aconifum lycodonum, Tnxus baccato-, powdered 
glass, canstic lime, sulphide of arsenic, and bitter almonds, the whole t*- 
be mixed with honey, and made into pills the size of a hazel nut. 

In the section de Medicis Experimentis, he gives a process to poison, 
a sleeping person ; the recipe is curious, and would certainly not bare 
the intended effect. A mixture of hemlock juice, bniised dattinv, stra-- 
moninm, belladonna, and opium is placed in a leaden box with & per- 
fectly fitting cover, and fermented for several days : it is then opened 
under the nose of the sleeper. Possibly, Porta had experimented on 
small animals, and had found that such matters, when fermented, 
exhaled enough carbonic gas to kill them, and imagined, therefore, that 
the same thing would happen if applied to the human subject. How- 
ever this may be. the account which Porta gives of the effects of th» 
solanaceous plants, and the general tone of the work, amply prove that 
he WHS no theorist, but had studied practically the actions of poisons. 

The iniquitous Toffana (or Tophana) made solutions of arsenions 
acid of varying strength, and sold those solutions in phials nnder the 
name of " Acquelta de Napoli" for many years. She is supposed te 
have poisoned more than GOO persons, among whom were two popes— 
viz., Pius III. and Clement XIV. The composition of the Naples water 
was long a profound secret, but is said to have been known by the reign- 
ing pope and by the Emperor Charles VI. The latter told the secret to 
• J, Bapt. Porta, bom 1537. died 1815. Neapolitani Magiit Naturaiii. Not- 
poll. 15S». 
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I>r, Garelli, his physician, who, again, imparted the knowledge to the 
famous Friedrich Hoffman in a letter still eslant. Toflana was brought 
to justice in 1709, but, availing herself of the immunity afforded by 
convents, escaped punishment, and continued to sell her wares for 
twenty years afterwards. When Kepfer* was in Italy he found her in a 
prison at Naples, and many people visited her as a sort of lion (1T30). 
"With the Acqua Toffana, the •' Acqetta di Perugia " played at the same 
time its part. It ia said to have been prepared by killing a hog, disjoint- 
ing the same, strewing the pieces with white arsenic, which was well rub- 
bed in, and then collecting the juice which dropped from the meat ; this 
^ice was considered far more poisonous than an ordinary solution of 
arsenic. The recent researches of Selmi on compounds containing arse- 
iiic, produced when animal bodies decompose in arsenical fluids, lend 
leason and support to this view ; and probably the juice would not only 
very poisonous, but act in a different manner, and exhibit symptoms 
ifferent from those of ordinary arsenical poisoning. Toffana had dis- 
iples ; she taught the art to Hieronyma Spara, who formed an assoeia- 
ion of young married women during the popedom of Alexander VII. ; 
B were detected on their own confession, f 

Contemporaneously with Toffana, another Italian, Keli, devoted 
lumself to similar crimes. This man had expended much as an adept, 
irching for the philosopher's stone, and sought to indemnify himself 
ty entering upon what must have been a profitable business. He it was 
"who instructed M. de St, Croix in the properties of arsenic, and St. 
Croix, in his turn, imparted the secret to his paramour, Madame de 
BrinviUiers. This woman appears to have been as cold-blooded as Tof- 
fana ; she is said to have experimented on the patients at the Hfltel Dieu, 
in order to ascertain the strength of her powders, and to have invented 
les pondres de succession." She poisoned her father, brothers, sister. 
Had others of her family ; but a terrible fate overtook both her and St. 
Croix. The latter was suffocated by some poisonous matters he was pre- 
paring, and Madame de Brinvilliers' practices having become known, 
ihe was obliged to take refuge in a convent. Here she was courted by a 
|>olic6 officer disguised as an ahbfe, lured out of the convent, and, in this 
■way, brought to justice, was beheaded and burned near N6tre Dame in 
ilie middle of the reign of Louis XlV-t 

■ Kepfer's " Travels." Lond. 17.18. 

f Le Bret's Magazin sa Oebraiiche dcr Slaat-u.Kitvheti-Oeachichle.Tbei]. i. 
FmikSort and Leipzig, 1TT4. 

t For Oiecourt of poiaouer9(cfi/(m&re ordenie) and the histories of St. Croix 
De BrinvillierB, tlie pritut I,e Sage, the women La Voisin and Lb Vigoureui, the 
reader may be referred to Voltaire'a Sietle de Luuig XIV., Madame de S^vign^'s 
Latra, Haitiniere's Bia. dt la Bigna d« Louia XIV., Btnitsel, He Vantnit, &c 
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The numerous attempts of the Italian and Yenetian poieonera os 
the lives of monarchs and eminent personB, cast for a long time a cloud 
over regal domestic peace. Bullets and daggers were not feared, but in 
their place the dish of meat, the savoury pasty, and the red wine were 
regarded as possible carriers of death. Ko better example of this dread 
can be found than, at so late a period as the reign of Henry VIII.* the 
extraordinary precautions thouglit necesaary for presen-ing the infant 
Prince of Wales. 

"No person of whatsoever rank, except the regular attendants in 
the nursery, should approach the cradle, except with an order from the 
king's hand. The food supplied to the child was to be largely ' assayed* 
his clothes were to be washed by his own servants, and no other hand 
might touch them. The material was to be submitted to all testa. The 
chamberlain and vice-chamberlain must be present, morning and evening, 
when, the prince was washed and dressed, and nothing of any kiad, 
bought for the use of the nursery, might be introduced until it was 
washed and perfumed. No person, not even tlie domestics of the palace> 
might have access to the prince's rooms, except those who were specially 
appointed to them, nor might any member of the household approach 
London, for fear of their catching and conveying infeetion.f" 

However brief and imperfect the foregoing historical sketch of ths 
part that poison has played may be, it is useful in showing the absolute 
necessity of tojicological science — a science embracing many branchel 
of knowledge. If it is impossible for Toffanas, Locustae, and othet 
specimens of a depraved humanity, to carry on now their crimes with- 
out detection ; if poison is the very last form of death feared by eminent 
political persons : it is not so much owing to a different state of societyj 
its to the more exact scientific knowledge which is applied during life to 
the discrimination of symptoms, distinguishing between those resulting 
from disease and those due to injurious substances, and after death to ft 
highly-tleveloped pathologj', which has learned, by multiplied observa- 
tioDS, all the normal and abnormal signs in tissues and organs ; and, 
finally, to an ever-advancing chemistry, which is able in many instances 
to separate and detect the hurtful and noxious thing, although hid for 
months deep in the ground- 

• Henry Till. . at one time of his life, was (or pretended to be) apprehenalTe 
of being poisoned; it was, indeed, acommon belief of hie court that Anne Boleyn 
attempted to dose him. " The king, in an interview with young Prince Henry, 
burst into tears, saying that ha and his sister {meaning the Princess Mary)miglit 
thank God for having escaped from the hands of that accursed and venomous 
harlot, who had intended to p<iisoQ them."— "A Chronicle of England during the 
B«ign of the Tudors." By "W J. Hamilton. Introduction p. xii. 

1 Froude's " History of England," vol. iii., p, 262. 
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— GROWTH AND DEVELOPMENT OF THE MODERN 
METHODS OF CHEMICALLY DETECTING POISONS. 

Tlie history of the detection of poiBons haa gone through 
several phases. The first phase haa already been incidentally touched 
npoQ — I.e., detection by antecedent and surrounding circumstiincea. 
Bided Bometimea by experiraeuta on animals. If the death waa sudden, 
if the post-mortem decomposition waa rapid, poison was indicated — some- 
times a portion of the food last eaten, or the suspected thing, would 
be given to an animal ; if the animal also died, such acciimulation 
of proof would render the matter beyond doubt. The modern toxicol- 
ogiata are more sceptical, for even the last test is not of itaelf satisfac- 
tory. It is now known that meat may become filled with bacilli, and 
produce rapid death, and yet no poison as such haa been ailded,* 

In the next phase, the doctors were permitted to dissect, and to 
tHmiHarise themselves with pathological appearances. This was a great 
step gained ; the apoplexies, heart diseases, perforations of the stomach, 
and fatal internal hemorrhages could no longer be ascribed to poison. II 
popular clamour made a false accusation, there was more chance of a 
correct judgment. It was not until the end of the eighteenth and the 
beginning of the present century, however, that chemistry was far 
enough advanced to test for the more common mineral poisons ; the 

I modem phase waa then entered on, and toxicology took a new departure. 
Prom the treatise of Bartlielemy d' Anglais f in the thirteenth 
oentury (in which he noticed the poisonous properties of quicksilver 
▼apour), up to the end of the fifteenth century, there are numerous 
faeatises upon poison, most of which are mere learned compilations, and 
'scarcely repay perusal. 
In tlie sixteenth century there are a few works, auch, for example, aa 
that of Porta, which partook of the general advancement of science, 
And left behind the stereotyped doctrine of the old classical achools-J 
In the seventeenth century, the Honorable Robert Boyle made 
some shrewd observations, bearing on toxicology, in his work on " The 
TTaefulness of Natural Philosophy," &c. : Oxford, 1664. Nicolas 

" " Appendix to the Medical Officers' Report to the Local Govemmeot Board 
^ tor 1880." 

t Df Bencm Proprietaribiis. 

t In the sixteenth century, it wis not coosidored properto write upon poiaona. 
Ijerome Cardan declared a poisoner woree than a brigand, "and thftt ia why I Iiave 
Knfuaed not only to teach or experiment on such tilings, but even to know them." 
■J. Cardan : Dc SuUilittUe. Baael, ISSa 
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L'Emery also wrote a Courg de Ohimie, — quite an epitome of the 
chemical science of the time.* 

in the eighteenth century, still farther adTances were made. 
Bichurd Mead published his ingenious "Mechanical Theory of PoiEotis.' 
Great chemists arose — Stiihl, Marggraf, Brandt, Bergmann, Soheele, 
Berthollct, Priestley, and lastly. Lavoisier — and chemistry, as a science 
was horn. Of the chemists quoted Scheele, in relation to toxicology, stands 
chief. It was Scheele who discovered prussic acid,t without however, 
noting its poisonous properties ; and the same chemist separated ox&lia 
acid from aorrel, J maiie the important discovery that arsenic united with 
hydrogen, forming a foatid gaa, and, moreover, that this gas could be. 
decomposed by heat.g From this observation, a dehcato test for arsenic 
was afterwards elaborated, which, for the first time, rendered the moBi 
tasteless and easily administered poison in the whole world at once the 
easiest of detection. The further history of what is now called 
" Marsh's Test " is as follows : — 

Prouat 11 observed that a very fcetid hydrogen gas was disengaged 
when arsenical tin was dissolved in hydrochloric acid, and that arae* 
nic was deposited from the inflamed gas on cold surfaces, which the 
flame touched. Trommsdorff next announced, in 1803, that when arse- 
nical zinc was introduced into an ordinary flask with water and sulphuric 
acid, an arsenical hydrogen was disengaged, and if the tube was euffl' 
ciently long, arsenic was deposited on its walls. ^ Stromejer, Gtey-Lus- 
eac, Thenard, Gelilen, and Davy, later, studied the gas, and Serullae, in 
1821, proposed this reaction as a toxicological test. La^itly, in 1836j 
Marsh published his " Memoir."** He elaborated a special apparaluB 
ot great simplicity, developed hydrogen by means of zinc and sul- 
phuric acid, inflamed the issuing gas, and obtained any arsenic present 
as a metal, which could be afterwards converted into arsenious acid, 

This brief history of the so-called "Marsh's Test" amply sbowa 

*■ Court de Ohimk, conti-iianl 2a manierc de /aire lea operation* yai aoni *n i 
dana la MCdcci»e. Paria, 1675. 

f Optmriila Chemtra, vol. ii., pp. 148-174, 

t Dr Terra R/iiiharbi et Aeido AcftosellfE. Nona Acta Aead. Veg. Sued. Anei 
17M. Op'is'fla Chemica, vol, ii., pp. 187-195. 

Bergmann first described oxalic acid sa obtained by the o^ridatioD o( sat^ 
charine bodiea; but Scbeele recognised its identity with the acid contained 

% Memoiret <ie SfhetU, t. i.. 1776. 
I Proust, Amiakg rfe C'himu, t. xxviii., 1798. 
If Nicholson's " Journal." vol, vi. 

"• " Description of a New Process of Separating Small Quantities of Arsenjo 
from But^tanceawith which it is Mixed." Ed. Netp Phil. Jouriuil, 1886, 
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I that Mareh was not the diacoverer of the toBt. Like many other iiaeful 
' processes, it aeenia to have been evolved by a combination of many 
liudfl. It may, however, be tnily said that Mareh was the first wlio 
I perfected the teat, and brought it prominently forward. 

Mutthieu Joseph Bonaventnra Orfila must be considered the 
father of modem toxicology. His great work, Traite de Toxicohgiv. 
was first published in 1814, ami went through many editione. Orfilu's 
chief merit was the discovery that poisons were absorbed and accumu- 
lated in certain tissues — a discovery which bore immediate fruit, and 
greatly extended the means of seeking poisons. Before the time of 
Orfila, a chemist not finding anything m the stomach would not have 
troubled to have examined the liver, the kidney, the brain, or tlie bloofl. 
The immense number of experimeuts which Orflla undertook is simply 
marvellous. Some are of little value, and teach nothing accurately as 
to the action of poisons — as, for example, many of those in which he 
I tied the gullet in order to prevent vomiting, for such are experiments 
I under entirely unnatural conditions ; but there are still a large number 
[ which form the very basis of our pathological knowledge. 

Orfila's method of experiment was usually to take weighed or meas- 
I nred quantities of poison, to administer them to animals, and then after 
* death — first carefully noting the changes in the tissues and organs — to 
attempt to recover by chemical means the poison administered. In this 
iray he detected and recovered nearly all the organic and inorganic poi- 
sons then known, and most of his processes are, with modifications and 
I improvements, in use at the present time.* 
The discovery of the alkaloids at the commencement of this 
sntury certainly gave the poisoner new weapons ; yet the same processes 
(slightly modified) which separated the alkaloids from plants, also served 
to separate them from the human body. In 1803, Derosne discovered 
Dsrcotine and morphine, but he neither recognised the difference be- 
tween these two substances, nor their basic properties. Scrtiirner from 
1805 devoted himself to the study of opium, and made a series of discov- 
eries. Robiquet, in 1807, recognised the basic characters of narcotine. 
In 1818, Pelletier and Caventou separated strychnine ; in 1819, bnicinc, 
and in the same year delphinine was discovered simultaneously by 
Brande, Lassaigne. and Peneuille, Ooniine was recognised by Giesecke 

•Orfila'schiof works are as follows: — 
Traits de Tbarirofogie. 3 vols. 8vo. Paris. 1814. 

LetOM d« Chimie, appliqiuea d la Mfd. Pratvpif, lOrao. Brussels, 18S6. 
M6moiivmrlaNifotineetlaCoi<ii-iue. Paris, 1831. 
Lf^Otadela MM. LigaJe. Svo. Paris. 1821. 

TraiU dea Ethamation* Juridtgiiet, et Contidiratiom aur let CItangemcits P}iy- 
U* Cadavre* ^rouvent en lepourrUant. 8 torn. Paris, 1831. 
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in 1827, ami in the following jear, 1828, nicotine waa separated by Hei- I 
manii and Poaselt. In 1832, Robiquet diecovered codeine ; and in 1833, 
atropine, aconitine, and hyoacyamine were distinguished by Geiger and 
Hesse. Since then, every year has been marked by the separation of I 
some new alkaloid from either animal or vegetable aubstances. So many 1 
workers in different countries now began to stiidy and improve toxicol- 
ogy, that it wonld exceed the limits, and be foreign to the scope of thia ] 
treatise, to give even a brief r^siimi of their labours. It may, notwith- 
standing, be useful to append a short bibliography of the chief works J 
on toxicology of the present century. 
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I. DEFINITION OF POISON. 

sidcred firet in its 1 



, as dis- 



' is to be gathered from the variouB 
■' Whoever shall administer, or c 



The term "Poison" may be ■ 
^nct from its scientific, aspec^t. 

The legal definition ot "poison 
tatute-books of civilised nations. 
The English law enacts that : ' 
be administered to, or taken by any person, any poison or other 
[estructive thing, with intent to commit murder, shail be guilty of 
felony." 

Farther, by the Criminal Consolidation Act, 18C1 : " Whosoever 
lall, by any other means other than those specified in any of the pre- 
iding sections of this Act, attempt to commit miu'der, shall be guilty 
F felony." 

It is therefore evident that, by implication, the English law defines 
i poison to bo a destructive thing administered to, or taken by, a person, 
and it must necessarily inchide, not only poisons whiiih act on account 
of their inherent chemical and otlier properties after absorption into the 
blood, but mechanical irritants, and also specifically-tainted fluids. 
Shonld, for example, a person give to another milk, or other fluid, know- 
ing, at the same time, that such fiiiid is contaminated by the specific 
poison of scarlet fever, tj-phoid, or any serious malady capable of being 
^.tt us conveyed. I believe that such an offence could be brought under the 
Bjtrat of the sections quoted. In fine, the words " destructive thing " are 
^nidely applicable, and may bo extended to any substance, gaseous, 
^Miqnid, or solid, living or dead, which, if capable at all of being taken 
■within the body, may injure or destroy life. According to this view, 
the legal idea of "poison" would include such matters as boiling water, 

» molten leiMl, specifically-infected fluids, the flesh of animals dying of 
(Useases which may be communicable to man, powdi-red glass, diamond 
Bust, &c. Evidence must, however, bo given of guilty intent. 
The words, "administered to or taken by," imply obviously that 
the framera of the older statute considered the mouth as the only 
portal of entrance for criminal poisoning, but the present law eifectually 
_ gnarde against any attempt to commit munler, no matter by what 
There is thus ample provision for all the strange ways by which 
I been introduced into the system, whether it be by the ear, 
', brain, rectum, vagina, or any other conceivable way, so that (to 
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borrow the words of Mr. GreaveB, "Notes on Criminal Luw Consolida- 
tion") " the malicioua may reat satisfied that evGry attempt to murder 
which their perverted ingenuity may devise, or their fiendish malignity 
suggest, will fall within some clause of this Act, and may be visited 
with penal servitude for life." 

Since poison ia often exhibited, not for the purpose of taking life, 
but from various motivea, and to accomplish various ends — as, (or 
example, to narcotise the robber's victim (this especially in the East), to 
quiet children, to create love in the opposite sex (love philters), to deteoi 
the secret sipper by suitably preparing the wine, to expel the inconveih 
lent fruit of illicit affection, to cure inebriety by polluting the drunk* 
ard's drink with antimony, and, finally, to satisfy an aimless spirit d 
mere wantonness and wickedness, the English law enacts " that wliosot 
ever shall unlawfully or maliciously administer to, or cause to be takes 
by, any other person, any poison or other destructive or noxtons things 
so as thereby to endanger the life of such person, or so as thereby ti 
inflict upon such person any grievous bodily harm, shall be guilty o 
felony. " 

There is also a special provision, framed evidently, with reference tt 
volatile and stupefying poisons, such as chloroform, tetrachloride i 
carbon, i&c. : — 

"Whoever shall unlawfully apply, or administer to, or cause to \ 
taken by any person, any chloroform, laudanum, or other stupefying 01 
overpowering drug, matter, or thing, with intent, in any such cas^ 
thereby to enable himself or any other person to commit, or with inte 
&c., to assist any other person in committing, any indictable < ~ 
shall be guilty of felony." 

The German statute, as with successive amendments it now stand) 
enacts as follow : — * 

'■ Whoever wilfully administers (beiirinril) to a person, for the pni 
pose of injuring health, poison, or any other substance having thi 

• " Wer vorsfitBlich einem Anderen. um deaaen Geaandheit zu bescliBdigen, 
Gift Oder andere SCoffe, beibringt, -w^lcbe die Gesuadheit zu zerstdreii geeignel! 
Bind, wird mit Zuchtliaus von zwei bia zu zehn Jahren beatraft. 

'■ Ist durch die Handlung eine achwere Kilrperverletzung venirsacht wordea, 
BO tat auf Zuclitbaua nicbt unter fQnf Jahreu, und weno durch die Handlung dWi 
Tod veruraacht worden. auf Zuchthaua nicht unter zehn Jahren oder auf l«beQ> 
alfiugliches Zuchthaua zu erkeonen- 

"Ist die voTsKtzliche rechtawidrige Handlung dea Gift — &c. ,— Belbringanl 
auf diLS ' Tndten ' gerichtet. aoll also durch diselbe gewoUter Weise der Tod einM 
Anderen herbeigefiUirt werdeo, so kommt in betracht: Wer vorsfttzlich einttg 
Menschen tfldtet. wird, wenn er die Todtung mit Ueberlegung ausgefflhrt hat,; 
wegen Mordes mit dem Tode bestraft." 
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property of injuring health, will be punished by from two to ten years' 
impr iaonmen t. 

" If by such act a serious bodily injury ia caused, the impriaonraent 
is not to bo lees than five years ; if death is the result, the imprisoumeut 
ia to be not under ten years or for life. 

" If the death ia wilfully caused by poison, it comes under the 
general law : ' Whoever wilfully kills a man, and, if the killing is pre- 
meditated, is on account of murder punishable with death.'" 

The French law runs thus (Art. 301, Penal Code) : — " Every at- 
tempt on the life of a person, by the effect of aubstauces which may 
'cause death, more or less suddenly, in whatever manner these substances 
may have been erajiloyed or administered, and whatever may have been 
the results, ia called poisoning."* 

There ia also a penalty provided against anyone who "shall have 
occasioned the illnesa or incapacity for jreraonal work of another, by the 
Toluntary administration, in any manner whatever, of anbstances which, 
hrithout being of a nature to cause death, are injurious to health."f 
I SciatUific Definition of a Poison. — A true scientific definition of a 
poison must exclude all those substances which act mechanically, — the 
physical influences of heat, light, and electricity; the various infectious 
which are supposed to be associated with and caused by the growth and 
multiplication of minute organisms ; and further, the true parasitic dis- 
eases, whether caused by the growth of fungus, or the invasion of an 
organism by animal paraaites, aa, for esample, "trichinosis." The 
definition of poison, in a scientific sense, should be broad enough to com- 
prehend not only the human race, but the dual world of life, both 
animal and vegetAblc. 

Husemann is almost the only writer on poisons who has attempted, 

'ith more or less success, to define poison by a generalisation, kee|»iug 

view the escluaion of the matters enumerated. Husemann says — 

We define poisons, as such inorganic, or organic, substances as are in 

part capable of artificial preparation," in part existing, ready-formed, in 

the animal or vegetable kingdom, which, without being able to reproduce 

themselves, through the chemical nature of their molecules under certain 

L^ionditions, change in the healthy organism the form and general relation- 

P * Eat qualifiS empowonnenn-iif— tout attentat ft la vie d'une perooune par 
Teffet de substauces qui peuvent doanei la mort plus ou moins promptemeat, de 
quelque manitrre quo cea BubBtancea aient ^le employees ou admii: 
quelleiqu'enaient <^telea8uitesi."— Arb, 301, Penal C<xie. 

f " Celui qui aura occasionne n autnii une maladie ou incapacite de travail 
personnel en lui adminlBtrant volontairement, de quelque mani^re ijiie 06 soit, 
dea aubataoccs qui, sana f tre de nature £ dotiner la mort, sout mufsibles i la 
" —Art. 817, Penal Code- 
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ship of the organic parts, and through annihilation of organs, ot 
destruction of their functions, injure health, or, under certain condition^ 
destroy life." 

I would make an attempt to define a poison thus : — A substance of 
defiaile chemical camposUion, whether mineral or organic, >nay be calhd 
a poison, if it is capable of beiitff taken into any living organism, and 
causes, by its own inherent cliemiceU nature, impairment or dgslruclion 
of function. 

It will, I think, be admitted that all poisona hitherto discovered 
have definite chemical compositions, and can be represented by definita 
chemical formulie ; and if in every case the active principle of certain 
poisonous secretions has not yet been separated in either a pure enough 
state or in sufficient quantity to admit of analysis and determination of 
the nature of the chemical molecules, it is none the less certain that the 
venoms of all the snakes, the poison of the stinging insects, and the 
more eomphcated vegetable juices contain either one active principle, op 
a misture of several, which, in the progress of chemistry, will eventually 
be separated. Not so the various bacteroid-like bodies which have been 
discovered in anthrax, small-pox, tubercolosis, diphtheria, &c. Here 
there is no probability that — supposing they could bo purified perfectly 
from the medium in which they live, and submitted to aualvsis — any for- 
mula could be constructed of a satisfactory character, or any active prin- 
ciple be separated by chemical means which would reproduce the efFecta 
observable in their action on animal life. 



II.— CLASSIFICATIOS OF POISONS. 

At some future time, with a more intimate knowledge of the way in 
which each poison acta upon the various forms of animal and vegetable 
life, it may be possible to give a truly scientific and philosophical classifi- 
cation of poisons — one based neither upon symptoms, upon local effect^ 
nor ujwn chemical structure, but upon a collation and comparison of all 
the properties of a poison, whether chemical, physical, or physiologicaL 
The general arrangement of nearly dl toxicologists has hitherto been 
based upon the physiological effects of poisons. 

Fod^rS divided poisons into narcotics, narcotico-acrida, and septioa. 
Orfilfl into — 

I, COKEOSITES : — 

1, Mineral corrosive. 

2, Vegetable corrosive. 

3, Animal corrosive poisonfl. 
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n. Narcotic. 
in. Irritant Naecotic, 
IV. Septic. 
Caeper, in the earlier editions of hie handbook, adopted a physiolog- 
arrangemtat, but afterwards omitted all elasailication, 
Taylor's division was aa follows ; — 
I. laaiTANT Poiaoss : — 

1. Mineral iiTitante. 

3. Vegetable aud animal irritanta. 

n. NbUEOTIC PoiSON'ri : — 

1. General or narcotic poiaona, 

2. Spinal poisons. ^H 

3. Cerobro-spina! poieona. ^M 

m. Poisonous Gases : — ™ 

1. Irritant-poisonous gaaes. 
3. Neurotic-poiaonons gases. • 

Dr. Guy adopted a partly ehemical aud partly phyaiologica! arrange- 
ment thus : — 

L Inorqanio : — 

a. Corrosive. 

b. Irritant. 

n. Obqaiho : — ^H 

a. Irritant. ^H 

i. Affecting the brain ^H 

Re. „ spinal cord. ^H 

d. heart. ^| 

e. „ „ lungs, 

se authors themselves would be the first to odinit the imperfec- 
their various classifications : and therefore, aa it is universally 
acknowledged, that no perfect systematic arrangement is at present 
attainable, we are either compelled to omit all classification, or else to 
arrange poisous with a view to practical utility merely, 

»From the latter point of view, an arrangement simply according to 
the most prominent symptoms is a good one, and. without doubt, an 
ueistance to the medical man snmmoDed in haste to a case of real or 
Bnapected poisoning. Indeed, under such circumstances, a scheme 
Bomewhat similar to the following, probably oconrs to every one versed 
in toxicology : — 
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A. Poisons causing Death isiuEDUTELi', oe nr a few Mtnuna 

There are but few poisous which destroy life in & few minatea. 
Omitting: the strong mineral acids and carbonic aiibydride, with thft 
irreapirable gaees — Frussic acid, the cyanides, oxalic acid, and, occik- 
sionnlly, strychnine, are the chief poieone coming under this head. 

B. Irritant Poisons (symptoms mainly pain, vomiting, and purging). 

Arsenic, antimony, phosphorus, canlharides, saviJi, ergot, digitalit, 
colchicum, zinc, inercury, lead, copper, silver, iron, baryta, chrome, yew, 
laburnum, and putrid aniinal substances. 

0. Irritant and Narcotic Poisons (symptoms those of an irritant 
nature, with the addition of more or less pronounced cerebral 
indications). 

To this class more especially belong oxalic acid, and the oxalates, 
with several poisons belonging to the purely narcotic class, but which 
produce occasionally irritant eflects. 

D. Poisons more EaPECiALLY affectinq the Nervous System. 

1. Narcotics (chief symptom insensibility, which may be preceded, 
by more or less cerebral excitement) : Opium, chloral, chloroform. 

2. Delieiants (delirium for the most part a prominent symptom) :: 
Belladonna, kyoscyamus, stramonium, with others of the Solanacea, tcr 
which may be added — poisonous fungi, Indian hemp, lolium iemulentumi 
ananthe crocata, and camphor. 

3. Convulsive. — Almost every poison has been known to prodaoti 
convulsive effects, but the only true conTulsive poisons are the alkaloidt 
of the strycliHOs class. 

i. Complex Nervous Phenomesa : Aconite, digitalis, Jiejulochi 
calabar bean, tobacco, lobelia infaia and curara. 

However useful this -'rough and ready" list of poisons, cl 
according to their effects, may be to the practitioner, I have preferred tat 
arrangement which, as far as possible, follows the order in which al 
chemical expert would search for an nnbnown poison— hence an arrange-' 
ment partly chemical and partly svmptomatic. A chemist, given a liquitt 
to examine, would naturally test first its reaction, and, if strongly 
alkaline or strongly acid, would at once direct his attention to tbs 
mineral acids or to the alkalies. In other cases, he would proceed M 
separate volatile matters from those that were fixed, lest substances aucb 
as pruEsic acid, chloroform, alcohol, and phosphorus be dissipated C" 
destroyed by his subsequent operations. 
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Distillation over, the alkaloids, glucosides, and their allies would 
neit be naturally sought, since they can be extracted by alcoholic and 
«thereal solvents in such a manner as in no way to interfere with an after- 
search for metaU. 

The metals are last in the list, because, by suitable treatment, after 
all organic substances are destroyed, either by actual fixe or powerful 
chemical agencies, eyen the volatile metals may be recovered. The 
metala are arranged very nearly in the same order as that in which they 
would be separated from a solution — viz., according to their behaviour to 
hydric and ammonic sulphides. 

There are a few poiaona, of course, such as the oxalates of the 
alkalies, which might be overlooked, unless sought for specially ; but it is 
hoped that this is no valid objection to the arrangement suggested, 
wldch, in greater detail, ia as follows : — 

A.— ACIDS AND ALKALIES. 

1. Sulphuric acid. 

2. Hydrochloric acid. 

3. Xitric acid. 

4. Potash. 
6. Soda. 

6. Ammonia. 

7. Neutral, sodium, potassium, aud ammonium salts. 

In nearly all cases of death from any of tho above, the analyst from 
the symptoms observed during life, from the surrounding circumstances, 
and from tho ])athological appearances and evident chemical reactions of 
tho fluids submitted, is put at once on tho right track, and has no 
difficulty iu obtaining decided results. 
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-POISONOUS SUBSTANCES CAPABLE OF BEING SEPARATED 
BY DISTILLATION FROM EITHER NEUTRAL OR ACID LIQUIDS. 

1. Ilvdrocarboufi. 
8. Camphor, 

3. Alcohols. 

4. Amyl-nitrito. 
fi. Chloroform and other antesthetica 

6. Carbon disulphida 

7. Carbolic acid. 

8. Nitro- benzene. 

9. Pruesic-acid. 
10. Phosphorus. 
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I have not thought well to include in this class the volatile alkaloid^ 
which may also he readily distilled by strongly alkalising the fluid, because 
they admit of a rather different mode of treatment. 

C— ALKALOIDS AND POISONOUS VEGETABLE PRINCIPLES SEP- 
ARATED FOR THE MOST PART BY ALCOHOLIC SOLVENTS. 

DrVISION I. — Veoetable Alkaloids. 
1. General methods of testing and extracting alkaloids. 
3. Liquid volatile alkaloids, alkaloids of hemlock, nicotine, pitnrie, 
spartetue. 

3. The opium group of alkaloids. 

4. The strychnine or tetanic group of alkaloids — etrychnine, hrucine, 
igaaurinn. 

5. The aconite group of alkaloids. 

6. The mydriatic group of alkaloids — atropine, hyoscyaminc, solaii- 
ine, cytisine. 

7. The alkaloids of the veratrines. 

8. Physostogmine. 

9. Pilocarpine. 

10. Taxine. 

11. Curarine. 

12. Colchicine. 

13. Muscarine and the active principles of certain fungi. 

There would, perhaps, have been an advantage in arranging several 
of the individual members somewhat differently — e. g., a group might be 
made of poisons, which, like pilocarpine and muscarine, are autugonistio 
to atropine; and another group suggests itself, the p I lysio logical action 
of which is the opposite of the etrychnoa class ; solanino (although classed 
as a mydriatic, and put near to atropine), has much of the nature of a 
glucoside, and the same may be said of colchicine ; so that, if tlie clasai- ,^ 
fication were made solely on chemical grounds, solanine would have ftd; 
lowed colchicine, and thus have marked the transition from the alkaloidl| 
to the glncoeidca, 

DIVISION II.— Glucosides. 

1. The digitalis group. 

3. Other poisonous glucosides acting on the heart. 



The glucosides, when fairly pure, are easily recognised ; they are dw 
titute of nitrogen, neutral in reaction, and split up into sugar, and oth( 
compounds when submitted to the action of aaiKinifying agents, auch i 
boiling with dilute mineral acids. 
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DIVISION" III. — Obetaik Poisonous Anhydeides of the Organio 

Acids. 
1. Santonin. 2. Mezerein. 

It is probable that this class will in a few years be extended, for sev- 
eral other organic anitrogenous poisons exist, which, when better known, 
will most likely prove to be anhydrides. 

DIVISION TV. — ^Vabious Vegetable Poisonous Pbinciples not 

ADMITTING OF CLASSIFICATION UNDEB THE PBEVIOUS ThBEE 

Divisions. 

Ergot, picrotoxin, the poison of IlUcium religiosum^ cicutoxin, 
jEthusa cynapium, (Enanthe crocatUy croton oil, savin oil. 

The above division groups together various miscellaneous toxic prin- 
ciples, none of which can at present be satisfactorily classified. 

D.— POISONS DERIVED FROM LIVING OR DEAD ANIMAL SUB^ 

STANCES. 

DIVISION I. — Poisons Sbobeted by the Living. 

1. Poisonous amphibia. 

2. Poison of the scorpion, 

3. Poisonous fish. 

4. Poisonous insects — spiders^ wasps, bees, beetles, &c. 

5. Snake poison. 

DIVISION n.— Poisons fobmbd in Dead Animal Mattees. 

1. Ptomaines. 

2. Poisoning by putrid or changed foods — sausage poisoning, 

E.— THE OXALIC ACID GROUP. 
F.— INORGANIC POISONS. 

DIVISION I. — Pbectpitated from a Hydrochlobic Acid Solution 
by Hydbic Sulphide — Precipitate, Yellow or Orange. 

Arsenic, antimony, cadmium. 

DIVISION 11. — Pbecipitated by Hydbic Sulphide in Hydbo- 
cHLOBic Acid Solution — Black. 

Lead, copper, bismuth, silver, mercury. 

DIVISION III. — Precipitated fbom a Neutbal Solution by Hy- 
dbic Sulphide. 

Zinc, nickel, cobalt. 

DIVISION IV. — Pbecipitated by Ammonic Sulphide. 
Iron, chromium, thallium. 



poisons: their effects asd detection. 

DIVISION v.— Alkalise Earths. 

Barium. 

Appendix. — Examination of Blood and of Blood Spots. 



III.— STATISTICS. 

The number of deaths from poison (whether accidental, suicidal, or 
homicidal), as compared with other forms of violent, as well as natural 
deaths, possesses no small interest ; and this is more Gspociallj true 
the statistics are studied in a comparative manner, and town be conir 
pared with town, country with country, 

Tlie greater the development of commercial industries (especially 
those necessitating the use or manufacture of powerful chemicit 
agencies), the more likely are accidents from poison to occur. It may 
also be stated, further, thut the liigher the mental development of 
nation, the moi-e likely are its homicides to be caused by subtle poison- 
its suicides by the euthanasia of chloral, morphine, or hemlock. 

Other influences causing local diversity in the kind and frequency of 
poisoning, are those of race, of religion, of age and acx, and the mentd 
stress concomitant with sudden political and social changes. 

In the five years from 1863-1867, there appear to have died froift 
poison, in England and Wales, 2097 persona. In a certain numbee 
(1,G20) of these cases, the poison, wilh more or less clearness, is indi( 
ted, and the causes of death may be arranged in the order of frequency 
thus: 

TABLE I.— DEATHS FROM POISON BETWEEN 1863-1867 
r Opium and Laudanum, 
Opiates. . . . \^^ 



\ Morphia. 
LOodfrey'E 



rey'a Cordial, . 

I Lead Baits, 

H (Cyanide of Potasli and Frussic 

H Cyanides, \ Acid, .... 

■ (Oil of Bitt«r Almonds, 
I Ar 

I Ac: 

I 

■ Me 

■ StT 

■ Al( 

■ W( 

■ Ph. 

■ Ad 



Arsenic, 

(Sulphuric Acid 531 

Acids, . . . -^ Nitric Acid 18V 

(Hydrochloric Acid 3) 

Oxalic Acid, 

Mercury 

Strychnine, 

Alcohol, '. 

Worm Powder, 

Phosphorus 

Anunonia and Hartahom 
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TABLE I.— DEATHS FBOM POISON BETWEEN 1868-1867— Con«»«ed. 



Chloride of Zinc, 
Aconite, . 
Belladonna, 



Fangi. 

Carbolic Acid, . 
Chlorodyne, 
Turpentine, 
Sulphate of Copper, 
Colchicum, 
Disinfecting Fluid, 
Nitrate of Potash, 
Chloric Ether, . 
Cantharides, 



Indefinitely stated. 



'Too large doses of Medicine, 
Unsuitable Food, 
Unsuitable Medicine . 
Poisonous shell-fish, 



521 
88 

17 
8 



8 
6 
6 
6 
5 
4 
8 
8 
8 
8 
8 
8 

i 

110 
1,62a 



Throwing out the 110 cases which cannot be accurately defined, it 
would then seem likely that, in the years mentioned, a thousand cases of 
poisoning — ^accidental, homicidal, and suicidal — ^would be arranged 
thus : — 



Opiates, 
Lead Salts, 
Cyanides, . 
Arsenic, 
Oxalic Acid, 
Mineral Acids, 
Mercury, . 
Strychnine, 
Alcohol, 
Phosphorus, 



The remaining 82 would be of a miscellaneous character, 



414 

15& 

118 

55 

48 

42 

88 

27 

28 

9 
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TABLE n.*— SUBSTANCES EMPLOYED IN 1000 MALE AND FEMALE SUI- 
CIDES BY POISON IN ENGLAND DURING THE TEN YEARS, 1871- 
1880. 



Poison. 



Opiates, 



Cyanides— 

Prussic Acid, Oil of Almonds, 

Cyanide of Potassium, . 

Vermin- Killer, and Fly-Killer, . 

Carbolic Acid, .... 

Strychnine 



Mineral Acids — 

Acid Hydrochloric 

,, Sulphuric, . 

ft ^iiinc.. ... 
Oxalic Acid, Salts of Sorrel, 

Arsenic, 

Mercury, 

Phosphorus, .... 
Chloroform, Chloral, and Chlorodyn 

Ammonia, 

Belladonna, .... 

Aconite, 

Copper, ..... 

Benzoline, Parrafin, . 

Chloride of Zinc, Disinfecting Fluid 

Lead 

Liniment,. .... 
Bichromate of Potash, 
Alcoliol, ..... 
Colocynth, .... 

Hellebore 

Iodine 

Acetic Acid 

Cantharides, .... 

Colchicum 

Tartaric Acid, .... 
i e w, ...... 



e, 



ICales. 



256.5 



178-4 

IIM 

47*6 

57-4 

79-4 



89 

22 

19 

70 

28 

23 

11 

15 

11 

6 

6 

1 

4 

2 

1 



1 

5 
8 
1 
2 

9 

1 
1 
2 
8 
4 
2 



2 
2 
2 
2 



F cmalo i. 



TotaL 



167-1 



27-5) 
89-6C 
194-5 
130-9 
108-8 



8 
8 
8 

1" 

1 

1 

1 

1 



4 
4 
4 

7 
7 
7 
7 
7 



428-6 



856-6 

2421 

188-8 
182-7 



170-2 



158 

79 

50 

35 

24 

19 

14 

9 

8 

6 

5 

4 

3 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 



6 
7 
7 
1 
5 
6 
7 
5 
1 
5 
8 
6 
4 
9 
7 
7 
7 
7 
2 
2 
2 
2 
2 



* The total deaths from poison In the five years ending 1880 in England, were 1661, and maybe 
olasslfled as follows :— 





Accident or Negligence. 


Suicide. 


Murder. 


M. 


F. 


M. 


P. 


M. 


P. 


1876 


87 


81 


86 


23 


1 


S 


1877 


49 


!M 


2S 


20 


1 





1878, 

1879 


2^4 


no 


110 


99 


1 


8 


229 


l.')9 


143 


104 





4 


1880, 


48 


20 


52 


21 


1 





597 


830 


875 


267 


4 


8 
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It is nseful to compare the two preyioas tables together. The 
second list^ as might be expected, is at once more definite and more 
complete. Opiates hold the first place in both^ but the extended use of 
carbolic acid has introduced a new and ever ready means of suicide. 
The mineral acids, as before, occupy the sixth place, but arsenic does 
not appear to be such a fayoured medium of suicide as in former years. 



TABLE in.-SHOWING THE ADMISSIONS INTO VARIOUS MEDICAL 
INSTITUTIONS* IN BERLIN OF PERSONS SUFFERING FROM THE 
EITECTS OF POISON DURING THE THREE YEARS, 1876, 1877. 1878. 



Males. 



Charcoal Vapour, .... 
Sulphuric Acid, .... 
Hydrochloric Acid,. 
Nitric Acid, and Aqua Regia, 

Phosphorus, 

Cyanide of Potash, 

Prussic Acid,. .... 

Oxalic Acid, and Oxalate ot Potash, 

Alcohol, 

Arsenic, 

Morphine, 

Opium 

Potash or Soda Lye, 

Cliloral 

Chloroform, 

Sewer Oas, 

Strychnine 

Atropine, 

Copper Sulphate, .... 

Nitrobenzol, 

Carbolic Acid, .... 
Chromic Acid, .... 

Burnt Alum 

Ammonium Sulphide, . , 
Datura Strampmum, 

Petroleum, 

Benzine, 

Ether, 

Prussic Acid and Morphine, . 
Prussic Acid and Chloral, . 
Turpentine and Sal Ammoniac, . 



77 
24 
4 
7 
13 
29 

Mr 

o 

11 
12 
7 
8 
2 
2 
3 
4 
5 

• • 

1 
1 
2 



1 
1 
1 
1 



Females. 



4 
2 
2 

2 

1 
1 

> . 
1 
1 



Total. 



155 

98 

41 

38 

19 
14 
12 

12 

8 
7 
6 
5 
4 
3 
8 
2 
2 
2 



223 212 



435 



* Viz., the KOnlgl. Charite Alig. St&dtisches Krankenhaus, Stadtisches Bar- 
acken-Lazsreth, Bethanien. St. HelwOg's-Mazarus, Elizabethen-Krankenhaus 
Augusta Hospital, and the Institut f llr Staatsarzneikunde. 
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The probability, then, is atrong that 1000 deaths from poison in or 
about Berlin would be made up as follows : — 

Charcoal Vapour 856 

Mineral Adda, 214 

PhosphoruB. . ■ 94 

Cyanides — i.e.. Potaaaic Cjanide and Prussic Acid, . W 

Oxalic Acid and Oxalatee 44 

Alcohol 33 

Opium and Morphia, 28 

Arsenic 38 

Chloral ■ .... 16 

Chloroform, 14 

BeM-er Gaa II 

Strychnine 9 

Atropine, - 7 

Sulphate of Copper, 7 

Nitro-Benzol, 6 

Carbolic Acid, B 

Chromic Acid. 6 

The remaining thirty-fivp will be made up of the more nncommon 
poisonings, cither of matters bnt little known, or of more or leas com- 
plex mixtures. 

Accidental Poisoning. — The total deaths from accidental poisoning 
in England for the twenty-five years, 1848-1872, were 8,234, the 
distribution of sexes being — males, 4,79;* ; females, 3,443. If cal- 
culated out in ratios of deaths from all causes, the proportions are — 
82 per million total deaths, males : &i per million total deaths, females ; 
. or 19 per million of the living male population, and 13 of the living 
female population. The influence of age may be gathered from t 
following table, which gives the abstract numbers representing the r 
tive probability of poisoning at the ages given of a million people in t 
period named :— 

Males. Female*. 

Under 1 year 141 113 

5 years, ... . 56 37 

'• 10 " 5 4 

" 20 '■ T 18 

" B5 ■■ IS 10 

" 45 '■ . ... . 29 14 

•• 5r, ■• 31 40 

" 65 ■■ 27 17 

Above 45 ■■ ■ . 82 27 

Suicide by Poimn. — During the nineteen years, 1853-1872, fi,56l 
females, and 15.340. males committed suicide. The different forms o 
death which these unfortunate persons chose may be tabulated thua : 
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MALES. 

Number. Per Thousand. 

Hanging, 6.821 444 

Cutting, Stabbing 8,189 208 

Drowning, 2,094 186 

Otherwise. 1,199 78 

Poison 1,110 72 

Gunshot, 937 62 

FEMALES. 

Hanging, 1,665 299 

Drowning, 1,616 290 

Poison, 900 162 

Cutting 890 160 

Otherwise, 488 87 

Gunshot, 12 2 

Methods of suicide adopted by 1,000 males and females iu Great 
Britain per 1,000 of each sex, 1871-80 :— 

Males. Females. 

Hanging, Strangulation, . , . . 899*8 2681 

Cut, Stab, or other Wound 212 147 9 

Drowning, 165*5 883*8 

Poison, . 78*9 172*2 

Gunshot, 67*8 2*8 

Lying on Rail, or Jumping from the Train, . 28*6 7*6 

Jumping from Height , . . . . 20*5 85*9 

Otherwise; 81*9 82*7 

Hanging, then, appears to be the most favoured mode of death, but 
with regard to other violent causes of decease, the different habits of 
life and formation of the two sexes cause a considerable difference. A 
woman is not accustomed to firearms, and has seldom access to them ; 
she is also averse to cutting instruments ; hence ''cutting and stabbing ,'* 
occupying the second place in order of frequency among the male 
suicides, diminishes to the fourth place among the female, while the 
item ^^ gunshot wounds and wounds by firearms generally y^' although 
occupying the place of least frequency in both sexes, yet accounts for 
more than sixty per thousand of the males, and only two per thousand 
of the females. Death by poison is third in the list of female suicides, 
and fourth among males ; this, again, is evidently due to the mental 
peculiarities of the two sexes, and in part also, perhaps, to the superior 
facilities of the male in the possession of destructive weapons. How- 
ever this may be, it is evident from the statistics quoted that, among 
English people^ a anicidal woman is twice as likely to take poison as a 
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auiuidul man. Whether this ratio would hold good if the statistics 
drawn entirely from the educated ranks of society is perhaps doubtful 
Very similar resalts are brought out by Fircks in Mb Prussian statistics.? 



TABLE IV.— SHOWING THE PREDILECTION OF 1000 PRUSSIAN SUI- 
CIDES FOR VARIOUS FORMS OF VIOLENT DEATHS FOB THS 
SEVEN YEARS 1869-1875. 

Ualei. Feouln. 

Hangiug 6iTl» «l-95 

Drowning 131-Sit «Mi)6 

Poison 18'Sl 6S-46 

Cut-throat, 80-53 Bl-W 

Firearms 129-77 6'6i 

t^uicide by placing themselves on the Railway. , 14'46 IS'SS 

FaU from a Height, 6-St IS-SI 

Opening ol the Veins, B-IO fl-OS 

Breathing Poisonoua Gases 1-42 8-73 

Stabbing 878 8-88 

Strangling ST9 2-18 

Cutting the Abdomen, '58 'TQ 

Other ways, and unclaBsed 180 'S6 

Poison in the Prussian statistics occupies the third place, as ii 
England ; but the effect of a military education, and the constant hand, 
ling of firearms, causes the deaths of suicidal males by giin or pisM 
shot, instead of occupying, as in England, the last place in order 
frequency, actually to stand third in the list, and to account for near^ 
130 per thousand of the total violent deaths. 



CRIMINAL POISOKING. 

Some usefol statistics of criminal poisoning have been given 
Tardieuf for the 21 years, 1851-1871, which may be summarised 
follows : 

• Rlkkblidc auf die Beipegung der BevSlkerfing im Preusm»'Jien Btaate u 
rend dea Zeitrauma «om JaJire 1818, bis rum Jahre 1844, in Nro. 48 der 
ehen StatUtik, herautgeg^^en. wm Kdnigl. statUtUehen Bureau in Berlin. 1! 
4, S. 183. 

^ "^ttuU Midieoo-Legalo tuT rEmpoitonnement." Paris, 1975. 
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Total Accusations of Poisoning in the 21 years, 793 

^lESULTS OF THE POISONINO : — 

Death, 280) 

Illness, 846V . 872 

Negative 246) 



k.CCUS£D : — 

Men, 804) 

Women, 899 J 



708 



Mature op Poisok Employed : — 

Arsenic 287 

Phosphorus, 267 

Sulphate, . . , 120) ,.^ 

Acetate (Verdigris), 39J • ^^" 

( Sulphuric Acid, - 86) 

Acids ^ Hydrochloric Acid, . , 8V . 47 

(Nitric Acid, 8) 

Cantharides, 80 



CJopper j 



Nux Vomica, 6 ) 



12 



Strychnine 7 

(Opium, 6) 

. Opiates < Laudanum 8 > . 10 

(Sedative Water, l) 

Salts of Mercury, 8 

Sulphate of Iron, 6 

Preparations of Antimony, .5 

Ammonia, 4 

Cvanidea i Pnissic Acid, ....,-.. 2) , 

v.yamaes ^ Cyanide of Potash, 2f • * 

Hellebore, 8 

I>atura Stramonium, 8 

Powdered Glass, . . . • 8 

Digitalin, .2 

Potash, 2 

Sulphate of Zinc, 2 

£au de Javelle (a solution of Hypochlorite of Potash 

Tincture of Iodine 

Croton Oil, 

Nicotine, 

Belladonna 

" Baume Fiovarenti," 

£aphorbia, 

Acetate of Lead, 

Carbonic Acid Gaa, 

Laburnum Seeds, 

Colchicum, 

Mushrooms, 

Bulphuric Ether, , 

Total 867 
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It hence may be concluded, according to these statistics of criminal' 
poisoning, that of 1000 attempts in France, either to injure or destroy 
human life by poison, the following is the most probable selectiTe 
order i — 

Arsenic. 

PhosphoiTie 

PreparBtionH of Copjjc-i 

The Mineral Acids 

Contharides, 

Strychnine, 

Opiates 

Meraurial preparations 

Antimooial prejianLCiuDS, 

Cyanidtw ^tliat is, Pruasiu Acid and Potaaaio Cjanide), 
Preparationa o{ Iron, 



This list accounts for 995 poisonings, and the remaining 45 will be 
buted among the lesa-nsed drugs find chemicals. 



distributed among t'. 



IV,— THE CONNECTION BETWEEN TOXIC ACTION AND 
CHEMICAL COMPOSITION. 

The therapeutic or poisonous action of a newly discovered compound 
can only bo found in testing it with life. This " life-test " is also from 
time to time necessary to identify certain substances, the chemical reac- 
tions of which are inferior to, or more obscure than, their physiological 
effects. No groat generalisation has yet been propounded by which, 
from the chemical composition of a giren substance, we can predicate its 
physiological action ; but work has been done in this direction which 
gives reason to e:ipect that it will ultimately be accomplished. Drs. 
Crum Brown and Fraser* have suggested that there is some relation.. 
between toxicity and the saturated or non-saturated condition of the 
molecule. For example, kakodylic aeidf is inert and tetramethyl stilx^ 
nium has no emetic properties ; these are all saturated componnde ; but, 
on the other hand, there are several exceptions ; such, e.g., as alcohol, 
oxalic acid, and corrosive sublimate. The experiment of introdncingf 
•"On the Connection between Chemical ConstitutfoD and Physiological 
Action, witli special reference to the physiological action of the Ammoniuni 
Bases, derived from Strychnine, Brucine. Thebaine, Codeine, Morphine, and 
Nicotine." By A. Crura' Brown. M.D.. D.Sc., F.R8.E,, and T. B. Fraser, M.D., 
F.K.S.E. Joum. Anat. and Pliys.. vol. ii., p. 324. 

\ Bimsen ; Annaien der Chimie u. I'harm. xlvi. 10. 
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methy] into strychnine led to some interesting reanlta. (See artidte 
"Strychnine:') 

M. Ch. Michet* has investigated the comparative toxicity of the 
metala by experimenta on flsh, uaiug apeeies of Beiranus, crenolabnis, and 
julis. The chloride of the metal was dissolved in water and diluted 
until just that strength was attained in which the fish would live 48 
hours ; thia, when expressed in gi-ammee per litre, he called " the limit of 
toxicity." 

The following is the main result of the inquiry, by which it will be 
Been that there was found no relation between " the limit of toxicity," • 
and the atomic weight. 

TABLE v.— EXPERIMENTS ON FISH. 

to- of Limit of 

erlinanta. Metal Toildty. 

20. Mercury 00039 

7. Cop;^er 0033 

80. Zinc,. 0084 

10. Iron., 014 

7. Cadmium, 017 

6. Ammonium, 064 

7. PoUBsium 10 

10. Nickel. 126 

fl. Cobalt, 126 

11. Lithium, a 

SO. MaD§;aneEe 30 

e. Barium, 78 

4. Magnesium 1.5 

SO. Strontium 3.3 

B. Calcium, 2.4 

8. Sodium 84.17 



-LIFE-TESTS ; OR. THE IDENTmCATIOX OF POISON BY 
EXPERIMENTS ON ANIMALS. 

A philoBophical inveBttgation of poisons demands a complete metJi- 
dical examination into their action on every life form, from the lowest 
I the highest. Our knowledge is more definite with regard to the 
Otion of poisons on man, dogs, cats, rabbits, and frogs than on- any 
tber speciea. It may be convenient here to make a few general remarks 
B to the action of poisons on infusoria, the cephalopoda, and iosects. 

•"De laTocticiti comparie de» diff^rmU MHaux." NotecUM. Ch. Michet. 
pt. Send., t. xoiii.. 1891, p. 64&. 
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Infusoria. — The infusoria are extremely seneitiye to tlie poimnoiu 
alkaloids and other chemical agents. Such tiny lives are, for the moat 
part, ever at hand ; the nearest pool of stagnant water will fnmiah 
them in abundance, or they may he produced at home by steeping b 
or meal for a few days in spring or rivel- water kept at a tempera 
tnro of from 15*^ to 18^. Strong doses of the alkaloids cause a coutr 
tion of the cell contents, and somewhat rapid disintegration of ths] 
whole body ; moderate doses at first quicken the movements, then the 1 
body gets perceptibly larger, and finally, as in the first case, there i 
' integration of the animal substance. 

Eossbach* gives the following intimations of the proportion « 
the tosic principle necessarj' to cause death : — Strychnine 1 part diM-M 
solved in 1600 of water ; veratrine 1 in 8000 ; qniuine 1 in 5000 ; 
atropine 1 in 1000 ; the mineral acids 1 in 400-600 ; salts 1 in 200-300. 1 

The extraordinary sensitiveness of the infusoria, and the sniuU ' 
amount of material used in sucli experiments, would be practically nso- 
ful if there were any decided difference in the symptoms produced by 
different poisons. But no one could be at all certain of even the class 
to which the poison belongs were he to watch, without a previous knowl- 
edge of what had been added to the water, the motions ot poisoned 
infusoria. Hence the fact is more curious than useful. 

Cephalopoda. — The action of a few poisons on the cephalopoda has 
been investigated by M. E. Yung.f Curara placed on the skin had no 
effect, but on the branchite led to general paralysis. If given in even 
fifteen times a greater dose than necessary to kill a rabbit, it was not 
always fatal. Strychnine, dissolved in sea-water, in the proportion of 1 
to 30,000, causes most marked symptoms. The first sign is relaxation 
of the chromataphore muscle and the closing of the chromataphoroa ; 
the animal pales, the respiratory movements become more powerful, and 
at the end of a notable augmentation in their number, they fall 
rapidly from the normal number of 25 to 5 a minute. Then tetanus 
commences after a time, varying with the dose of the poison ; the arm 
stiffens and extends in fan-like form, the entire body is conrulsed, the 
respiration is in jerks, the animal empties his pouch, and at the end of a 
few minutes is dead, in a state of great muscuhir rigidity. If at this 
moment it is opened, the venous heart is found still beating. Nicotine 
and other poisons were experimented with, and the cephalopoda were 
found to be generally sensitive to the active alkaloids, and to exhibit 
more or less marked symptoms. 

Insects. — I devoted considerable time, in the autumn of 1882, to 
observations on the effect of certain alkitloids on the common blow-fly, 
• N. J. Rossbacli, Fharm. ZeitKhr. fUr Euaalarul, lix, 628. 
t Compt. Bend., t. xci., p. 306. 
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liinking it poaeible that the insect would exhibit a sufficient series of 
I Bj-mptoma of physiological plienomenu to enable it to be used by the tox- 
I icologiat as a living re-agent. If bo, the cheapuess and ubiquity of the 
L'tiny life during a considerable portion of the year would recommend it 
I lor the purpose. The results, on the whole, came up to my expectations, 
K-snd, provided two biow-flies are caught and placed beneath glass shades — 
1 the one poisoned, the other not — it is surprising what a variety of symp- 
[ toms can, with a little practice, be distinguished. Nevertheless, the 
I nbseuce of pupils, and the want of respiratory and cardiac movements, 
I are, in an experimental point of view, defects for which no amount or 
liTariety of merely muscular symptoms can compensate. 

From the nature of the case wo can only distinguish in the poisoned 

fly dulnesa or vivacity of movement, loss of power in walking on smooth 

surfaces, irritation of the integument, disorderly movements of the 

limbs, protrusion of the fleshy proboscis, and paralysis, whether of legs 

or wings. My experiments were chiefly made by smearing the extracts 

■ neutral solutions of poisons on the head of the fly. In this way 

■me of it ia invariably taken into the system, partly by direct abaorp- 

I tion, and partly by the insect's efforts to free itself from the foreign 

Liubstance, in which it uses it legs and proboscis. For the symptoms 

hiritnessed after the application of saponine, digitahu, and aconitine, the 

foieader ia referred to the articles on those aubatances. 

In poisoning by sausages, bad meat, aconitine, ourarine, and in 
•obscare cases generally, in the present state of science, experiments on 
ItliTing animals are absolutely necessary. In this, and in this way only, 
Lin very many instances, can the expert prove the presence of zymotic,. 
Pot show the absence of chemical poison. 

Methods. — The simplest method of experiment on animals is one of 
high antiquity : aome domestic animal, such as a dog or cat, is induced 
eat part of the " substance suspect " by mixing it with his food. If the 
animal eat and live, the substance is innocent ; if he eat and die, there is 
■omething wrong. By modern and more scientific methods, solutions of 
poisons are injected directly into the circulation or beneath the skin, the 
latter method being nearly always the more convenient. A small glass sy- 
ringe, provided with a hollow needle, is charged, and t lie operator injects 
under the skin ii known quantity of the solution, and watches the effects. 
An experimenting In this way on small animals such as mice, the needle, 
lowever fine, is, considering the size of the animal, really of the propor- 
1 dimensions of a spear to man. and effects are produced by the 
i itself. Hence, it is more prudent in this instance to take two 
nice and Inject under (he skin of the one the liquid, the properties of 
are Boueht. and under the skin of the other an equal bulk of pure 
Both mice having then been wounded in a similar place and man- 
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nep, but with ajringes differently charged, are Btrictly comparable, and thel 
error of coufusing the mere effects of the operatioD with that of a poison .1 
is not likely to happen. The beat seat for subcutaneous injection ia the I 
ekin at the back of the neck, which in all animals ig there a little loose..! 
The situation is the more couvenieut , since cats and dogs taken ap by 1 
tirmJy grasping this loose skin are unable to turn and bite. The oper-l 
atiou itself presents no difficulty. If material suffice, it may be desirable 1 
to make several experimouta on different claaaes of animala, and when I 
ihia is the case, the cat, the rabbit, and the frog are, all things coDGid* 
ered, the beat aubjects for selection. 

In making experiments on animals, the amount or dose of the poison 
used, the time of its administration, and the time of occurrence of any 
syniptoms should be accurately noted. The disturbances or deviations 
from the normal state, known as symptoms, may be conveniently divided 
into groups : — 1. Symptoms referable to the respiratory system. 2. Dis- 
order of the circulation : condition of the heart and arteries, 3. NeirouB 
system : dilation or contraction of the pupils, paralysis, or convnlsions, 
&c. 4. Effects on the muscular system. 5. Temperature. 6. Diaor- 
ders of the digestive tract : vomiting. diarrhcEa. 

Respiration. — The number of respirutions per minute ia for the most 
part readily obtained by simple obsen-ation of the walls of the cheat or 
of the nostrils of most animala. To obsen-e the respiration of the frog, 
it ia placed on its back, theji the skin below the cpi-stemal cartilage is 
Been to rise and fall at intervals, in health, of frofli one to two seconds. 

There are instruments by which the movements of the chest can be 
recorded ujion a revolving cylinder, and in investigating new poleona, 
such methods are preferable and far more accurate than any other. The 
respiration of poisoned animals may be slow, quick, shallow, gasping, 
intermittent, or spasmodic. 

It is most important to note whether the respiration and the heart's 
action are both extinguished simultaneously, or nearly so, or whether the 
heart goes on beating after the respiration has ceased ; and, further, 
whether (as in many cases) life can be maintained by artificial respua- 
tion. 

If artificial respiration is only required for a limited time, it is easily 
effected by introducing into the trachea of the animal a tracheal cwiuU, 
attached to which should be the india-rubber tube connected with the 
common blower and ex]ianding regulator found in almost all laboratoriw, 
and used for the purposes of the gas blow-pipe : if artificial reapiraUon, 
however, is required for any length of time, then an automatic appatttUB 
is in everv respect more convenient. One of the be?t self-acting 
mechanisms is formed by a Sprengel's blow-pipe and an electrical ajipBT- 
atus for permitting the air to go in regular waves. A long tube(aee fig. 
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1) having a side branch, F, is attached, on the one hand, to the water 
BQpply, and, on the other, ie inserted by means of caoutchouc cork into 
a bottle, B, containing some water, the tube. A, dipping beneath the 
Borface of the water. The cork is doubly perforated, and in the second 
perforation there is a tube, X, bent at right anglea 
to deliver the air, A current of water passing 
down A, sucks air in by F ; the air is compressed 
in the bottle, and escapes by the right-angled 
tube, X, in a continuous stream ; by suitable regu- 
lations of the taps, and especially of the clip, C, 
the same quantity of water is allowed to escape as 
that which enters the bottle, and thus a constant 
level is maintained. The current of air is broken 
in the following way (see fig. 2). F is a flat india- 
rubber bug, which is connected to the right- 
angled tnbe, X, of fig. 1 by a flexible tube 5' ; on 
i' is a weight closing it, but lifted off each time 
the current passes through an electro-magnet, 
falling when the current is broken ; the inter- 
ruption of the current is effected by a mercurial 
breaker, consisting of a U tube, c, eontainingX 
mercury in the bend and resting on the bag,' ' 
being in a vertical position beneath the arch of a 
little wooden bridge. The bridge supports two 
wires, d, d, insulated from one another ■ each 
wire is received into a limb of the U tube, and 
in this way, if the bag expands, the mercury 
touches the wires, and instantly the magnet lifts 
off the weight, and the air streams into the ani- 
mal's lungs ; the caoutchouc bag collapsing, the 
contact of mre and mercury is broken, and the 
weight falls, which, occluding the tube, permits 
distension of the bag to again occur. When 
properly adjusted, the machine requires very lit- 
tle attention. 

2. Cirmlation. — Poisons often cause changes 
in the calibre of the smaller arteries, and such 
changes may be seen by examining the snitably 
prepared omentum of the living guinea-pig, or in the retinal vessels of 
man or of the larger animals. A still more convenient source of infor- 
mation is the web of the frog's foot, although this is Buitable for viewing 
capillary vessels rather than small arteries. The heart itself ie, however, 
most important organ to which the toxicologist directs bis attention, 
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more especially as & large class of poiaooe (of which digitalin is thf 
type) appear to act primarily on the heart, and are hence called " heart-S 
poiaons. " The mere movemeota of the heart, the number and regularity I 
or irregnlarity of its pulsations, a8wellaflitaforci;,cau be withconsiderabla 1 
ease ascertained by inspection and palpatiooiu most animals ; but in order 
to obtain precise information as to whether a given extract or poison acta 
specifically on the heiirt, it is necessary to expose tlie organ in such » | 
' that the details of its action can be observed by the aid of j 




appliances, such as levers, kj-mographs, &c. For observations on the 
heart, that of the frog is moat suitable, for it may be even removed 
from the body and soiutions applied to its substance. 

In removing the heart of a frog, the animal is first pithed to destroy 
all sensibility ; the heart is then excised and placed in a watch-glass 
containing cither serum or a solution of common salt, strength '75 per 
cent. Under these conditions the heart will go on beating for many 
hours, and if extracts or solutions containing poisonous matters be 
applied to its substance, changes will occur in the strength, number, or 
regularity of the pulsations. Thus, digitalin and the digitalin class raaj J 
be studied and detected, and the antagonism of certain poisons may bs | 
demonstrated — e.g., a drop of a solution of muscarine placed on the . 
excised heart of the frog cansea the pulsations to stiop suddenly ; but if 
to the heart thns stilled a drop of atropine is added, the beats recom- 
mence. Dr. Brunton observed this phenomenon after a frog's heart had 
ceased to beat for foor hours. The unassisted eye will miss many of the , 
peculiarities of the !)oat« of the excised heart., and it is usual tomakfti 
the contractions more evident by mechanical appIianoeB, 
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A very simple form of lever, which can he made hy any one, has 
in Buggeated by Dr. Bniiiton.* On a plate of glass, 3-4 iiichce long 
and 2 wide, is oemente<l n square piece of cork, the cork projecting half- 
an-iuch beyond the pkte. A little piece of light wood, 3 inches long. 
It qnarter of an inch broad, and one-eighth of an inch thick, forms a 
lever, tind works on tt pin thruBt through the lever into the cork. The 

t lever is prolonged by a fine bonnet-straw, and carries a brush dipped in 
ink or other marking pencil ; it can be fixed on to the lever by sealing- 
iras. By suitably weighting the lever, it can be made to move by the 
slightest impulse. The thick end of the lever is placed on the isolated 
heart, and if the pencil impinges upon a, revolving cylinder, a graphic 
tepreecn Cation of the heart's action is obtained. 
Arterial Pressure, — No scientific investigation of the action of 
IKiisons is complete without determinations of the arterial pressure. The 
amplest method of doing this ia to connect an artery with a mercurial 
manometer, which in its moat primitive form, conaistaof a U tube con- 
taining mercury. The pressure causes the fiuid metal to be depressed 
in one limb, and to be elevated in the other ; and if, on the surface of 
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e metal in the latter limb, a float, with a long stem carrying a pencil, 
i placed on a short limb at right angles, the movements of the varia- 
tiona of pressure admit of graphic representation on a cylinder moved 
" J clock-work. 

The arteries selected for the determination of pressare are nearly 
^ways the carotid or the crural. The steps to expose these arteries, in 
wrating with a rabbit, may be briefly detailed. The animal is moat con- 
veniently secured on an ingenious support known as Czermac'a Rabbit- 

* "A Simple Method of Demonstrating the Effect of Heat and Poiaona upon 
%:'&e Heart of aFrog." ByT. L. Brunton, M.D., F.R.S.— Joum. Anaiim,. and 
K'ffcyiiof., vol. X.. p. 603. 
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Holder, {see fig. 3.) ; this conaiats of a stout board, B, 8 inches wide by 30 ' 
inches long. At one end there is itu upright, b, on which ;i horizontal rod, 
carrying a peculiar sort of forceps, /, slides up and down, and between 
the blades of this apparatus the head of a rabbit, or other animal similar 
in size, can bo held without injuring it. Along the edges of the board 
are convenient attachments for the extremities. In the absence of Czer- 
mac's ajiparatuB, a deal board, into which brass-headed nails can be , 
driven, will answer the purpose. The four legs, the body, and the head 
can be thus secured by meaua of tapes, the latter being attached to the 
nails. To expose the carotid it is essential 
that the head should be well bent back, bo as 
to fully bare the throat, and it will be found 
convenient for this purpose to utilise the 
rodent teeth of the upper jaw by attaching a 
ligature to the upper jaw, using the teeth 
as a point of attachment. The fur on the 
neck having now been cut very short, the skin 
just over the edge of the trachea is raised so 
as to make a horizontal fold, and an incision 
is made, vertical in direction. When bleed- 
ing has ceased, the wound through the skin 
is cleansed by means of a sponge dipped in 
a little solution of salt. Kext, with u blunt 
])air of forceps, the fascia, which stretches 
from the stemo-mustoid muscle to the mid- 
Carotid artery of rabbit ^^^ I'D^, is pinched Up, and carefully divided 
and parts in rplation with with a knife or a pair of Scissors. The openiug 
it. c, carotid ; ah, Blylohyoid , , , i" -it «_ 

muscle; h. hypoglossal maybe enlarged by a pair of forceps. On 
nerve ; s, sympathetic ; v, ilruwing the stemo-mastoid muscle aside, the 
vagus iiBr\-e ; i, pomta to . , „ ■ -. -n 

Buperior laryngeal nurve, artery aud the nerves accompanying it will 
where it passes bfliind the come into view (see fig. 4). The sheath of the 
carotid, close to its origin 




Fig. 4. 



from tlie vagus ; p, pliarjn- 
geal artery ; am, edge of 
stemo-mastoid muscle ; " 
thyroid artery ; ttft, ster. . 
hyuid miiacle ; Z. laryngeal 
artery — the nerve which 
crosses it is the descendens 



artery is opened carefully, the artery caught 
up on a blunt hook, and the tube cleared 
for three-quarters of an inch in either direc- 
tion. A ligature is now passed round 
the artery, and tied. On the heart side of thia I 
ligature, a slip of wood or cardboard i 
underneath the artery, and another ligature applied but quite loosely, i 
A little clip is now made to occlude the artery on the cardiac I 
side of the piece of wood, and with a pair of scissors a V-ahaped 
cut is made ; iuto this cut a glass arterial canula* is insert-ed, and the 
'The arterLd cauula is a T-shaped tube of glass, ooa arm of which, that, 
namely, to be inserted into the artery, is riniwr "" — ' "- — " ' 
is connected with tlie manometer ; the third ia 
tube and closed by a clij). 
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»ose ligature slipped over it and tiod securely. The preparation 
the crural artery is ua fulluws: a fold of ekm in the inner 
Pmrface of the thigh, almost exiictly in the centre of Poupart'g 
ligiiment, is pinched up aad divided ; the pulsation of the iirtery is read- 
ily felt by applying the finger in the hollow between the adductor raua- 
cles and those which cover the femur. The aheath of the vessels having 
LtKen exposed, the crural nerve, the crurnl vein, and the artery will be 
len occupying the relative poaitiona shown in the drawing (fig, 5.) 

Whatever artery is opened, and connected with the canula, the 

lext step is to connect it with the manometer. The arterial eaniila, as 

I atated in the footnote, ia a T-shaped gla^ tube. The bevelled end ia tied 

bIq the artery ; another limb ia connected with a bottle containing a aolu- 




FIg.5. 
A, onml uter7 ; Va, cmral vein , Ne, crural m 



ion of bicarbonate of soda by means of a long flexible tube guarded by a 
ilip. The third leg or arm of the tube la to be connected with the mano- 
neter. The first step is to fill the tubes with bicarbonate of soda solution, 
Pand thus expel all air ; this is effected by opening the clip communicat- 
ing with the " pressure-bottle " of alkaline solution for a moment. When 
this has been done, and the tubes are filled with liquid, the free arm ia 
ooaQected with the manometer by means of a caoutchouc and a lead 
tabe, the caoutchouc being used for connections only, because its elas- 
ticity interferes a little with the experiment. Ail is now ready, and the 
dip irhich has compressed the artery may be removed ; the mercurial 
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column at once begins to oscillatu but nc record should be taken foeJ 
the flrel few seconds. After one or two minutes, u poison may be intro- -J 
duced by Kubcutaneotis mjection, uud the effect watched 

Much may be Icurnt by the aid ot the simple recording cylinder, or J 
even by a graduated manometer, and the reading of the number of milli 
metres through which the mercury nses and falla. It is, however, far, J 




Rg 6. 

preferable in experimenta of this kind to obtain a graphic representatloa ! 
both of the respiration and pressure aunultaneously. A very good form trf I 
instrument by which this may he effected ia dest^ibed by Dr. BurdoB ] 
Sanderson* (see fig. li). The mercurial manometer consists of two limbs J 



of equal len^h, one of which, tho distal eud. A, is near the top mnc-li 
wider than thu other, the relatJou between the lumen of the one and 
that of the other being as 1 . 10. The Boat which rests on the distal col- 
umn ia of box-wood ; its under surface is concave, bo as to fit the convex 
Burface of the mercury ; by the vertical rod it is connected with the light 
lever D, about two feet in length, which ia counterpoised by a weight 
suspended to it on the other side of the brass bearing, E. At this thin 
end, the lever carries a pin, the distance of which is auch that, for every 
inch of variation of difference between the two columna of the manome- 
ter, it rises or falls three-tenths of an inch. It will be readily nnderBtond 
that the movement of the pin, instead of being rectilinear, is circular ; 
consequently, it is vertical only when the lever is horizontal ; for which 
reason the fulcrum, E, which ta so constructed as to slide up and down 
on the brasa uprights, must always be placed in such a position that the 
lever is horizontal. 

The height of the mercurial column corrcsponda to the average 
arterial pressure. Thiit part of the instrument which is intended for 
recording the respiratory movements consists of a Marey's tympanum, 
C, and a lever, F, similar to D and of the same length, with which it is 
connected. The tube, H, of the tymjianum must be either brought 
into communication with one arm of a glass, T, tube, the stem of which 
ia inserted into the trachea, or with a stcthomefer applied to the chest. 
The lover of the tympanum is connected with the recording lever as 
shown in the figure. In this way two tracings, the one of the respira- 
tion, the other of the arterial pressure, are obtained simultaneously. 

3. Nervous System, — Contraction or dilatation of the pupils, dis- 
ordered movements, convulsiona, paralysis, tetanic spasms, and similar 
symptoms referable to the nervoua system, are evident enough, and seen 
without mechanical aids ; but there are questions to be solved that 
entail delicate manipulation and require the aaaistance of instruments of 
precision ; — e.g., in poisons like urari, which paralyse the muscular sys- 
tem, the question to be solved is whether the muscular irritability is 
destroyed or the function of the nerves suspended. To ascertain this, a 
frog under the foil influence of urari (that is, with all the voluntary 
muscles paralysed, but with the heart still beating), should be taken. 
and the sciatic nerve exposed in the thigh : a pair of electrodes, resting 
on a thin sheet of india-nibber, in order to prevent the current pass- 
ing into the neighbouring muscles, is slipped under the nerve. On now 
sending an interru]ited current through the nerve, no contraction of the 
muscles of the leg takes place. On the other hand, when the mnsclea 
themselves are stimulated they contract ; so it liecomes evident that this 
particular poison suspends the function of the nerves, and does not 
destroy the muscular irritability. To find out whether a poison like 
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urari acta on the ends of the nerves, or on the trunk, the lot' 
lowing experiment cttn be mude. The gafitrocnemJiia muscle of 
frog is dissected out, and its blood-vessela ligatured ; tiiea the orjgiu and' 
insertion of the mugcles are divided, and it ia left attached to the body 
only by the nerve. On now poisoning with urari, it is found that a 
stimulus applied to the nerve causes contraction of the muscle, thougli' 
all the other nerves of the body have lost their irritability. The pr*.. 
sumption, then, ia that urari jwts only on the ends of the nerves. 

Troubles of the seusorium, noises in the ears, flashes of light befoTfr 
the eyes, and disturbances of taste, are matters which can be only imi 
perfectly investigated by experiments on the lower animals, and what we 
know of these symptoms is for the most part derived from observationa 
on man : so, also, delicate variations in the sense of touch can only btt 
properly ascertained by observationB on man, but complete or partial low 
of sensation can, of course, bo readily determined by the application of 
Btimnli to the extremities or skin of animals, 

4. Muscular System. — The effect of poisons oa 
muscle may often be conveniently studied by making 
what physiologists call a "nerve muscle preparation"^ 
(see fig. 7), This is done by carefully dissecting 
out the gastrocnemius of the frog with the sciatia 
nerves, S, dividing the latter close up to the spinal 
cord, and placing the muscle thus detached under 
a glass shade, or under any conditions by which it 
can be bathed in an atmosphere saturated with aque- 
ous vapour. By attaching the end of the femur, F, 
to a fixed support, and the tendo-achilles, I, to a 
lever which may be weighted variously, and passing 
a current, both the force and duration of the mus- 
cular contraction may be aaeertainod and graphically 
recorded on a revolving cyhnder. It is still more instructive to deter- 
mine the tracing of the gastrocnemius of a living frog by first dividing 
the sciatic nerve, iiTid then exposing the muscte, without severing it* 
blood -supply from that of t!ie rest of the body. Having obtained a 
normal tracing on the recording cylinder, the poison is injected under- 
neath the skin on the frog's back, and it ia noted whether the contrao- 
tious are prolonged or shortened, weakened or strengthened. 

The broad fact that a poison prolongs or retards, weakens or excites, 
muscular contraction can be ascertained by very simple means on the 
principles above detailed ; but more elaborate researches (and especially 
those of a comparative nature) require apparatus of delicacy and coatli- 
ness, 

5. Tftnp^aiure. — The temperature of mammals alone ia of impor-> 
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tauce, as giving a chie to the action of a poison. The linle clinical tber- 
niometers used by phyeicians answer every pm-poee. The temperature is 
best taken iu the rectum, and that as fi-equeutly as possible. The re- 
Bulta admit of graphical repruseutation on the UBual principles. 

6. Disonhrs of the Digestivt Tract, £i: — ^VSectious of the digestive 
tract — e.<f., loss of appetite, vomiting, and diarrhtea — will be noticed as 
common effects of all irritant poisons. 

C'ldlivatioii of Bacilli, £c. — In cases in which there are reasonable 
grouuils for supposing that a person is poisoned by a zymotic contagion, 
as, for example, in cases of illness after eatiug the meat of animals dying 
from anthrax or kindred maladies, it may be necessary to "cultivate " 
extracts of the meat eaten, or ibe blood of the person who haa suffered, 
and make experiments on animals with the products of tho cultivation. 
The apparatus for " cultivation " may he of a very simple character, the 
chief condition being some arrangement which will give a uuiform tem- 
peratnro. A water-bath, formed by placing a large beaker in a small 
one, and filling each nearly full of water, makes a good incubator, and, 
if fitted with a Page's gas-regulator, is capable of doing nseful work. 
Page's gas-regulator * ia essentially a large thermometer, which may be 
so arranged that, when the temperature rises to a certain point, the mer- 
cury abuts off or dimiuishes the gas supply. I find that by its means a 
water-bath or incubator can be kept for weeks together without varying 
more than a degree. Cultivatious may be carried on in test-tubes or lit- 
tle microscope cells. The best medium for the particular purpose in 
pure white of egg, though, in certain cases, it may be convenient 
nse milk, and in others blood. t 

drops of the fluid to be cultivated are added to the nourishing 
fluid, and the temperature maintiiined at blood-heat (36'7°) for one, two 
or more days, tho liqnid from time to time being examined microscopi- 
cally, and portions of it mjected into small animals such as mice, and 
the eHecpa noted. 



" The apparatus may be obtained from Messrs. Cetti, Brook Street, Holbom, 
W.C. 

f For anthrtix acinic, and indeed for many othere, Dr. Klein's "gelatine 
pork," made on Koch's plan, is admirable. Very complete directions fnr making 
and sleriliBine; the gelatine pork. etc.. may be found in the Anmial Report o( tlie 
Local Goveraraent Board, Supplement, containing Report of the Medical Oflicer 
for 1881, p. 172. 
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VI.— GENEE.VL METHOD OF PROCEDTJEE IX SEAECHINO- 
rOR POISON. 

Mineral substances or hquida containing only inorganic matters, can 
cause no possible difiiculty to any one wtio ie practised in analjiiical u 
Testigation ; but the subsLaaces which exercise the skill of the expert 
are organic fluids or solids 

The first thing to be done is to note accurately the manner in whicL 
the samples have been packed, whether the seals liuve been tamperM 
with, whether the vessels or wrappers themselves are likely to have con- 
taminated the articlea Bent ; and then to make a very careful observation 
of the appearance, smell, colour, and reaction of the matters, not forget^ 
tiug to take the weight, if solid — the volume, if liquid, All these ai^ 
obvious precautions, requinng no particular directions. 

If the object of research is the stomach and its contents, the contents 
should he c;irefully transferred to a tall, conical glass ; the organ cut open^. 
spread out on a sheet of glass, and examined minutely by a lens, picking 
out any suspicious-looking substance for closer observation. The muo« 
ous membrane should now be well cleansed by the aid of a wash-bottle»; 
and if there la any necessity for destroying the stomach, it may be e 
tial in important caaes to have it photographed. The washings havinj^ 
been added to the contents of the stomach, the sediment is separated 
and submitted to inspection, for it must be remembered that, irres 
ive of the discovery of poison, a knowledge of the nature of the food laafe 
eaten by the deceased may be uf extreme value. 

If the death has really taken place from disease, and not from pOH. 
Bon, or if it has been caused by poisim, and yet no definite hint of tha 
particular poison can be obtained either by the symptoms or by the t 
tendant circumstances, the analyst has the difficult tusk of endeavonring. 
to initiate a process of analysis which will be likely to discover any poison 
in the animal, vegetable, or mineral kingdom. For this purpose I hani 
devised the following process, which diflfers from those tliat have hitli- 
erto been published mainly in the prominence given to operations in I 
high vacuum, and the utilisation of biological experiment as a matter (d 
routine. Taking one of the most difficult cases that can occur — v 
in which a small quantity only of an organic solid or fluid is availftble— • 
the best method of procedure is the following : — 

A small portion is reserved and examined microscopically, and, if 
thought desirable, submitted to various " cultivation " experiments itt 
the manner described (p. 49). The greater portion is at once examined 
for volatile matters, and having been placed in a strong flask, and, if 
neutral or alkaline, feebly acidulated with tartaric acid, connected with 
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a second or receiving- flaalt by glass tubing and caoutchouc corka. The 
caoutchoac cork of tlie rttceiving- flask has a doable perforatiou, bo aa to 
be able, by a second bit of angle tubing, to be connected with the mer- 
cury pump described in vol. i., "'Foods," p. 70, the figure of which is 
here rei>eated (see fig. 8). A vacuum having been obtained, and the 
recei ving-fiask surrounded with ice, a distillate for prelinunary testing 
lay bo generally got without the action of any external heat ; but if this 
; too slow, the flask containing the 
riiabstaticee or liquid under examination 
may be gently heated by a water-bath — 
water, volatile oils, a variety of vola- 
tile sabatances, such as prussic acid, 
hydrochloric acid, phosphorus, &c., if 
present, will distil over. It will be 
well to free in this way the substance, 
as much as possible, from volatile mat- 
ters and water. When no more will 
come over, the distillate may be care- 
fully examined by redistillation and the 
various appropriate tests. 

The next step is to dry the sample 
thoroughly. This is best effected also 
in a vacuum by the use of the same 
apparatus, only this time the receiving- 
flaek is to be half filled with strong 
Eulphuric acid. By now applying very 
gentle heat to the first flask, and cool- 
ing the anlphnric acid receiver, even 
Huch substances as the liver in twenty- 
lour hours may be obtained dry enough 
^.to powder. 

^k Having by these means obtained b 

Bfednced to a coarse powder, and extracted with petroleum ether ; the 
"Wtraction may be effected either in a special apparatus (aa, for example, 
in a large "Soslilet"), or in a beaker placed in my "Ether recovery 
apparatus " (see fig. 9), which is adapted to an upright condenser. The 
^|)etroleum extract is evaporated and leaves the fatty matter, possibly 
^HRitaminated by traces of any alkaloid which the substance may have 
^n^tained ; for although most alkaloids are insoluble in petroleum ether, 
^^fet they are taken up in small quantities by oils and fats, and are ex- 
tracted with the fat by petroleum ether. It is hence necessary always to 
examine the i>etrolenm extract by shaking it up with water, slightly 
tcidulated with snlphurio acid, which will extract from the fat any trace 
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of alkaloid, and will permit the discovery of such alkaloids by the 
ordinary " group re-ageuts." 

The substance iiow being freed for the most port from wafer and 
frtim fat isdigested in the cold with absolute alcohol for some hours ; tha 
alcohol is filtered otf, and allowed to evaporate spontaneously, or, if 
speed is an object, it may be diBtilled i« vacuo. The treatment is next with 
hot alcohol of 90 per cent., and, after filtering, the dry residue is 
exhausted with ether. The ether and alcohol, having been driven 
leave estracta which maybe dissolved in water and tested both chemically 
and biologically, for alkaloids, glucosides, and organic acids. It must 
also be remembered that there are a few metallic compounds (as for 
example, corrosive sublimate) which are soluhle in 
alcohol and ethereal solvents, and must not be over- 
looked. 

The residue, aft-er being thus acted upon snccessively 
by petroleum, by alcohol, and by ether, ie both water- 
free and fat-free, and also devoid of all organic poison- 
ous bases and principles, and it only remains to treat 
it for metals. For this purpose, it is placed in ». 
retort, and distilled once or twice to dryness with a 
known quantity of strong, pure hydro-oholorte acid. 
If arsenic, in the form of arsenious acid, were 
present, it would distil over as a trichloride, and bft 
detected in the distillate : by raising the heat, tha 
R is mode of organic matter is carbonised, and most of it destroyed. 
_ of The distillate is saturated with hydrie sulphide, and 
^^' auy precipitate separated and examined. The residua 
in the retort will contain the fixed metals, such as 
deep groove re- zinc, copper, lead, &c. It is treated with dilute 
ceives. liydrocliloric acid, filtered, the filtrate saturated with 

SHj and any precipitate collected. The filtrate 
now treated with aufficieut sodic acetate to replace the hydrie cblorid^. 
again saturated with SH, and any precipitate collected and tested foE 
zinc, nickel, and cobalt. By this treatment, viz : — 



also be remembi 

Fig. 9. 

Thia figure is 
from p. 70, vol. i., 
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1. Distillation in a vacuum at a low temjierature, 
3. Collecting the volatile products, 

3, Dehydrating the organic substances, 

4, Dissolving out from the dry mass fatty matters and alkaloids, 
glucosides, &c,, by ethereal and alcoholic solvents, 

5, Destroying organic matter and searching for metals, 

— a very fair and complete analysis made be made from a small amount 
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of material. The process is, however, eomewhat faulty ia reference to 
phosphoras, and also to oxalic acid and the osalatea ; these poisons, if 
suspected, should be specially searched for in the manner to be more 
particularly described in the sections treating of them. In most cases, 
there is Bufficient material to allow of division into three parts — one for 
organic poisons generally, one for inorganic, and a tliird for reserve 

Iia case of accident. When such is the case, although, for organic princi- 
ples, the process of vacuum distillation just described still holds good, it 
irill be very much the moat convenient way not to use that portion for 
metais, but to operate on the portion reserved for the inorganic poisons 
W follows by destruction of the organic matter. 
The destniotion of organic matter through simple distillation by 
means of pure hydrochloric acid, is at least equal to that by sulphuric acid, 
chlorate of potash, and the carbonisation methods. The object of the 
chemist not being to dissolve every fragment of cellular tissue, muscle, 
and tendou, but simply all mineral ingredients, the less organic matter 
which goes into solution the better. That hydrochloric acid would fail 
to dissolve sulphate of baryta and sulphate of lead, and that sulphide of 
arsenic is almost insoluble in the acid, is no objection to the process 
recommended, for it is always open to the analyst to treat the residue 
specially for these substances. The sulphides precipitated by hydric sul- 
r phide from an acid solution are — arsenic, antimony, tin, cadmium. 
^Wd, bismuth, mercury, copper, and silver. Those not precipitated 
—iron, manganese, zinc, nickel, and cobalt. 

As a rule, one poison alone is present ; so that if there should be a 
ilphide, it will belong only exceptionally to more than one metal. 

The colour of the precipitate from hydric sulpliide is either yellow- 
jsh or black. The yellow and orange precipitates are sulphur, snlphides 
of arsenic, antimony, tin, and cadmium. In jnire solutions they may be 
almost distingiiished by their different hues, but in solutions contamin- 
ated by a little organic matter the colours may not be distinctive. TJie 
sulphide of arsenic is of a pale yellow colour ; and if the very improbable 
circumstance should happen that arsenic, antimony, and cadmium occur 
in the same solution, the sulphide of arsenic may be first separated by 
ammonia, and the sulphide of antimony by sulphide of sodium, leaving 
cadmlc sulphide insoluble in both processes. 

The black precipitates are — lead, bismuth, mercury, copper, and 
silver. The black sulphide is freed from arsenic, if present, by ammo- 
nia, and digested with dilute nitric acid, which will dissolve all the sul- 
phides, save those of mercurj^, and tin, so that if a complete solution is 
obtained (sulphur flocks excepted), it is evident that both these snlr 
stances are absent. The presence of copper is betrayed by the blue colour 
of the nitric acid solution, and through its special reactions ; lead, by 
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the deep yellow precipitate which falls by the addition of chromate of 
potash and acetate of soda to the solution ; bismuth, through a white 
precipitate on dilution with water. If the nitric acid leaves a black 
insoluble residue, this is probably sulphide of mercury, and should be 
treated with concentrated hydrochloric acid to separate flocks of sulphur 
evaporated to dryness, again dissolved, and tested for mercury by iodide 
of potash, copper, foil, &c., as described in the article on Mercury. Zinc, 
nickel, and cobalt are likewise tested for in the filtrate as described in 
the respective articles on these metals. 



PART III.— ACIDS AND ALKALIES. 



SULPHUKIC ACID— HYDBOCHLORIC ACID— NITfilC ACID— 
AMMONU— POTASH — SODA— NEUTKAL SODIUM, PO- 
TASSIUM, AND AMMONIUM SALTS. 



I.— SULPHURIC ACID. 

Sulphuric acid (hydrie eulpliate, oil of vitriol, H,SO,) occurs in coin- 
' mercc iu viirj-ing degrees of Blrciigth or dilution ; the gtroug sulphuric 
1 acid of the munofiioturer, coutiiining 100 per cent, of real acid {H,SO,), 
I lias n specific gravity of 1 -850. The ordinary brown acid of commerce, 
■coloured by organic ra»tlcr uud holding in solution metallic impurititja, 
bielly leud and arsenic, has a specific gravity of about 1'750 ; contains- 
F67-95 of anhydrous SO,=i85-4:i of hydrie sulphate. 

There are also weaker acids used in commerce, particularly in man- 
uioctories in which snliihiiric acid is made, for special purposes without' 
rectification. The British Pharmaeopceiai sulphuric acid is directed to' 
be of 1-845 specific gravity, which correspond to 78-C per cent. Bulphurio 
anhydride, or 98'8 per cent, of hydrie sulphate. The dilute sulphuric 
acid of the pharmacopceia should have a specific gravity of 1 ■094. and is 
oaually said to correspond to 10- 14 per cent, of anhydrous sulphuric acid ; 
bat, if Ure's Tables are correct, such equals 11'37 per cent. 

The general characters of sulphuric acid are as follows ; — When 
pure, it is a colourless, or, when impure, a dark brown to black, oily 
liqnid, without odour at common temperatures, of an exceedingly acid 
taste, ch&rring most organic tissues rapidly, and, if mixed with water, 
evolving much heat. II 4 parts of the strong acid are mixed with 1 part 
of water at 0", the mixture rises to a heat of 100"; a still greater heat 
ie evolved by mixing 75 parts of acid with 27 of water. 

Sulphuric acid is powerfully hygroscopic — 3 parts will, in an ordin- 
ary atmosphere, increase to nearly 4 in twenty-four hours; in common 
with all acids, it reddens litmus, yellows cochineal, and changes all 
vegetable colours. There is another form of sulphuric acid, extensively 
used in the arts, known under the name of ■' Nordhausen sulphuric 
acid," "fuming acid." formula H,S,0,. This acid is produced by the 
distillation of dry ferrous sulphate, at a neariy white heat — either in 
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earthenware or in green glass retorts ; the distillate la received in enl- 
phuric acid. As thus manofactured, it is a dark fuming liquid of 1 -9 
specific gravity, and boiling at 53°. When artificially cooled dowu to 0^, 
the acid gradually deposits crystals, which eoasist of a definite compound 
of Z atoms of anhydrous sulpliuric acid and 1 atom of water. There ii 
some doubt as to the molecular composition of \ordhausei! acid ; it u 
usually considered as hydric sulphate saturated with sulphur dioxide. 
This acid is manufactured chiefly in Bohemia, and is nsod, on a large 
scale, as a solvent for alizarine. 

Sulphur Trioxide, or Sulphuric Anhydride (SOj), itself may be met 
with in scientific laboratories, but is not in commerce. Sulphur trioxide 
forms thin needle-shaped crystals, arranged in feathery groups. Seen in 
mass, it is whit«, and has something the ajipearance of asbestos. It 
fuses to a liquid at about 18", boils at 35", but, after this operation has 
been performed, the substance assumes an allotropic condition, and then 
remains solid up to 100" ; above 100" it melts, volatilises, and returns to 
its normal condition. Sulphuric anhydride hisses when it is thrown into 
wafer, chemical combination taking place and sulphuric acid being 
formed. Sulphur trioxide is excessively corrosive and poisonous. 

Besides the above forms of acid, there is an officinal prepamtioo 
called "Aromatic Sulphuric Acid," made by digesting sulphuric acid, 
rectified spirit, ginger, and cinnamon together. It contains 10.91 i«r 
cent, of SOto alcohol, and principles extracted from cinnamon and 
ginger. 

Sulphuric acid, in the free state, may not nnfrequently be found in 
nature. I recently examined an effluent water from a Devonshire mine, 
which contained more than one grain of free sulphuric acid per gallon, 
and was accused, with justice, of destroying the fish in a river. It also 
exists in large quantities in volcanic springs. In a torrent flowing from. 
the volcano of Parc^, in the Andes, Boussingault calculated that 15,000 
tons of sulphuric acid and 11,000 tons of hydrochloric acid were yearly 
carried down. In the animal and vegetable kingdom, sulphuric acid 
exists, as a rule, in combination with bases, but there is an exception in 
the saliva of the DtTiumgitlea, a Sicilian snail. 

Statisficf. — When something like 900,000 tons of sulphuric acid are 
produced annually in England alone, and when it is considered that 
Bulphuric acid is used in the manufacture of most other acids, in the 
alkali trade, in the manufacture of indigo, in the soap trade, in the 
manufacture of artificial manure, and in a number of technical pro- 
cesses, there is no cause for surprise that it should l>e tlic annual cause of 
many deaths. 

The number of deaths from sulphuric acid will vnrv, other things 
being eniial, in each country, according to the manufactures in that 
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conntry employing sulpliuric acid. In England, there are at least from 
thirty to forty poisonings yearly by sulphuric acid. Fak-k,* in compar- 
ing different countries, considers the past statistics to show that in 
France sulphuric acid has been the cause of 4-5 to 5'5 per cent, of the 
I total deaths from poison, and in England 5'9 per cent. In England, 
: France, and Denmark, taken together, 10'8, Prussia, lO'C ; while in cer- 
tain cities, as Berlin and Vienna, the percentages are much higher — 
Vienna showing 43-3 per cent., Berlin 90 per cent. 

Accidental, Suicidal, and Crimhuil Poisoning. — Deaths from sul- 
phuric acid are, for the most part, accidental, occasionally Buicidal, and. 
still more" rarely, criminal. In 53 out of 113 casL'S collected by Buhm. 
in which the cause of the poisoning could, with fair accuracy, be iiscer- 
tained, 45-3 per cent, were due to accident, 30'i were suicidal, and 
54'5 per cent, were cases of criminal poisoning, the victims being 
children. 

The cause of the comparatively rare use of sulphuric acid by the 
poisoner is obvious. First of all, the acid can never he mixed with food 
without entirely changing its aspect ; next, it Is only in cases of insensi- 
bility or paralysis that it could be administered to an adult, unless given 
by force, or under very exceptional circnmstancea ; and lastly, the stains 
on the mouth and garments would at once betray, oven to uneducated 
persons, the presence of something wrong. As an agent of murder, 
then, sulphuric acid ia confined in its use to young children, more 
eapeciallj to the newly bom. 

There is a remarkable case related by Hagan.f in which an adult 
man, in full possession of his faculties, neither paralysed nor helpless, 
was murdered by sulphuric acid. The wife of a day labourer gave her 
husband drops of sulphuric acid on sugar, instead of his medicine, and 
finally finished the work by administering a spoonful of the acid. The 
spoon was carried well to the back of the throat, so that the man took 
the acid at a gulp. 11 grms. (171 grains) of Bulphuric acid, partly in 
combination with soda and potash, were separated from his stomach. 

Accidental poiaoniog is moat common among children. The oily, 
syrapy-looking sulphuric acid, when pure, may be mistaken for glycerine 
or for syrup ; and the dark commercial aciil might, by a careless person, 
be confounded with porter or any dark-looking medicine. 

Serious and fatal miatakcs have not uufrequently arisen from the uso 
of injections. Deutseh* relates how a midwife, in error, administered 

• Lehrbuf/i der PraktUelien Toxieologie. p. 54. 

t Qroea : Diedfrafrechlspflegf. in DealKhlnnd. 4, 1861. Heft. I. S. 181. 

■ PrauM. Hed. Vereinn-ZeUung. 1848, No. 13. 
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to motlier and child it sulphuric acid cljater ; but little of the fluid coal 
in either case have actually reached the rectum, for the mother recoverei 
in eight days, and in a. little time the infant waa also restored to healA 
Sulphuric acid has caused death by injections into the vagina. H- OJ 
Lombard* observed a ease of this kind, in which a woman, aged thirty 
injected half a litre of sulphuric acid into the vagina, for the purpose « 
procuring abortion. The result was not immediateiy fatal, but the suit 
sequent inflammation and its resulta so occlndcd the natoral pas 
the birth became impossible, and a Cesarean section extracted a deal 
child, the mother also dying. 

An army physician prescribed for a patient an emollient cljstffli 
Since it was late at night, and the aiwthecary in bed, he prepared it him 
self ; but not finding linseed oil, woko the apothecary, who took a bottH 
out of one of the recesses and placed it on the table. The bottle c 
tained sulphuric acid ; a soldier noticed a peculiar odour and effervei 
cenee when the syringe was chained, but this was unheeded by tb 
doctor. The patient immediately after the oj-wration siiftered the moa 
acute agony, and died the following day; before his death, the bed clothfl 
were found corroded by the acid, and a portion of the bowel itself c 
away, f 

Fatal Dose. — The amount necessary to kill an adult man ia 
strictly known ; fatality so much depends on the concentration of tbil 
acid and the condition of the person, more especially whether tbi 
stomach is full or empty, that it will bo impossible ever to arrive at M 
accurate estimate. Christison's case, in which 3*8 grms. (60 grains)*) 
concentrated acid killed an adult, is the smallest lethal dose on recent 
Supposing that the man weighed 68J4 kilo. (150 lbs.), this would be i 
the proportion of "05 grm. per kilo. There ia also the case of a chM 
of one year, recorded by Taylor, in which 20 drops caused death. ^ 
however, it were asked in a court of law what dose of concentrated Bi ~ 
phuric acid would be dangerous, the proper answer would be : so sm 
a quantity as from 2 to 3 drops of the strong undiluted acid might cat 
death, more especially if conveyed to the back of the throat ; for if itil 
improbable that on such a supposition death would bo sudden, yet then 
is a possibility of permanent injure to the gullet, with the result of 8i 
sequent contraction, and the usual long and painful malnutrition then* 
by induced. It may be laid down, therefore, that all quantities, ■ 
the smallest, of the slroiiff undiluted acid, come under the head of hurt-' 
fnl, nosiouH, and injurious. 

Local Action of Sulphuric Acid. — The action of the acid on living 

"Jbum. de Chim. Mid., torn. vii. 1631. 

t MaBohka's Buidbach, p. 80. Journal de Chimie Midkale. t. i. No. 6, 405. 1 



ftninml tiesnes has been Btndied of late by C. Ph. Falck and L, Vietor.* 
Concentrated acid precipitates albumen, and then redissolvea it ; fibrin 
swells and bccomea gelatinous ; but if the acid is weak (e. g., 4 to 6 per 
»nt,) it is scarcely changed. Muscular fibre is at first coloured amher- 
rellow, swells to a jelly, and then dissolves to a red-brown turbid fluid. 
Tien applied to the mucous membrane of the stomach, the mucous tissue 
Fand the muscular layer beneath are coloured white, swell, and become an 
roily mass. 

When applied to the rabbit's ear,f the parenchyma becomes at flret 

mle-grey and semi-transparent at the back of the ear ; opposite the drop 

f acid appear spots like grease or fat drops, which soon coalesce. The 

epidermis with the hair remains adherent ; the blood-vessels are narrowed 

in calibre, and the blood, first in the veins, and then in the arteries, is 

colonred gi-een and then black and fully coagulates. If the drop, with 

horizontal holding of the ear is dried in, an inflammatory zone surrounds 

grf^e -burnt spot in which the blood circulates ; but there is complete stasia 

D the part to which the acid baa been applied. If the point of the ear is 

pipped in the acid, the cauterised part rolls inwards ; after the lapse of 

tighteen hours the part is brown and parchment- like, with scattered 

loints of coagulated blood ; then there is a slight swelling in the healthy 

Bssues, and a small zone of redness ; within fouiteen days a bladder-like, 

greenish -yellow scab is formed, the burnt part itself remaining dry. 

The vessels from the surrounding zone of redness gradually penetrate 

towards the cauterised spot, the fluid in the bleb becomes absorbed, and 

r the destroyed tissues fall oft in the form of a crust. 

The changes that sulphuric acid cause in blood are as follows : the 
itbrin is at first coagulated and then dissolved, and the colouring matter 
"lecomes of a black colour. These changes do not require the strongest 
wid, being seen with an acid of GO per cent. 

The action of the acid on various non-living matters is as follows : 
loured on all vegetable earth, therr is an effervesence, arising from de- 
Sompositiou of carbonates ; any grass or vegetation growing on the spot 
li blackened and dies ; an analysis of the layer of earth, on which the acid 
B poured, shows an excess of sulphates as compared with a similar layer 
adjacent ; the earth will only have an acid reaction, if there has been 
more than sufficient acid to neutralise all alkalies and alkaline earths, 
"Wood almost immediately blackens, and the spot remains moist. 

a paper become quickly dark, and sometimes exhibit a play 

DeataOiii Klinik, 1863, Mo. 1-32, and Victor's Inavgur- Dissert. Marburg, 
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of coioTira, such as reddish-browTi ; ultimately the spot becomes very 
black, and holes may bo formed ; even when the acid is dilute, the course 
is ver}' similar, for the acid driea iu, until it reaches a sufficient degree 
of concentration to attack the tissue, I found small drops oE sulphuric 
acid on a brussels carpet, which had a red pattern on a dark-green 
ground with light-greon flowers, act as follows : the spots on the red at 
the end of a few hours were of a dark-maroon colour, the green waa dark- 
ened, and the light-green, browned ; at the end of twenty- four hours but 
little change had taken place, nor could any one have guessed the cauae 
of the spots without a close examination. Spots of the strong acid on 
thin cotton fabrics rapidly blackened, and actual holes were formed iu the 
course of an hour ; the main difference to the naked eyu, between iha 
stains of the acid and those produced by a red-hot body, lay in the moist- 
Deas of the spots. Indeed, the great distinction, without considering 
chemical evidence, between recent burns of clothing by sulphuric 
acid and by heat, is that in the one case — that of the acid — the hole or 
apot is very moist ; in the other, very dry. It is easy to imagine that 
this distinction may be of importance in a legal investigation. 

Spots of acid on clothing fall too often under the observation of all 
those engaged in practical chemical work. However quickly a spot at 
acid is wiped off, unless it is immediately neutralised by ammonia, it ulti- 
mately makes a hole in the cloth ; the spot, as a rule, whatever the col- 
our of the cloth, is of a blotting-paper red. 

Sulphuric acid dropped on iron, attacks it, forming a sulphate, 
wliich may be dissolved out by water. If the iron is exposed to the 
weather, the rain may wash away all traces of the acid, save the corro- 
sion ; but it would be under those circumstances impossible to Bay 
whether the corrosion was due to oxidation or a solvent. 

To sum up, briefly; the characters of sulphuric acid spots on organie 
matters generally are black, brown, or red-coloured destructions of ti*- 
eue, moisture, acid-reaction (often after years), and lastly, the chemical 
evidence of sulphuric acid or sulphates in excess. 

Caution nceeesary in judging rf spots, Sc. — An important case, r 
Isted by Maschka, shows the necessity of great caution in interpreting' 
results, unless all the circumstances of a case be carefully collated. A' 
live coal fell on the bed of a weakly infant, five months old. Tlie chiW 
screamed, and woke the father, wlio was dozing by the fire ; the man, ; 
terror, poured a large pot of water on the child imd burning bed. Thff 
child died the following day. 

h post-morlem examination showed a bum on the chest of the infant 
two inches in length. The tongue, pharynx, and gullet were uU healthy; 
in the stomach a patch of mucous membrane, about half an inch in ex. 
tent, was found to he brownish, friable, and very thin. A chemiod 
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oxamination showed that a portion of the bed adjacent to the burnt 
l>liice contained free Bulphuric acid. Hen?, then, was the following evi- 
deuce; the sudden death of a helpless infant, a oarhonised bed-uover, 
with free sulphuric acid, and, lastly, an appearance in the stomach 
which, it might be said, was not inconsistent with aulphnric acid poison- 
ing. Yet a careful sifting of the facts convinced the judges that no 
crime had been committed, and that the child's death was due to disease. 
Afterwards, experiment showed that if a live coal fall on any tissue, and 
be drenched with water, fi-ee sulphuric acid is constantly found in the 
neighborhood of the burnt place. 

Symptoms. — The symptoms may he classed in two divisions, viz.: — 1. 
External effects of the acid. 2, Internal effects and symptoms arising 
from its interior administration. 

1, External Effects. — Of late years several instances have occurred 
in which the. acid has been used criminally to cause disliguring bums of 
the face. The offence has in all these cases been committed by women, 
who, from motives of revengeful jealousy, have suddenly dashed a quan- 
tity of the acid into the face of the object of their resentment. In such 
cases, the phenomena observed are not widely different from those 
attending scalds or bums from hot neutral fluids. There is destruction 
of tissue, not necessarily deep, for the acid is almost immediately wiped 
off ; hut if any should reach the eye, inflammation, so acute as to lead to 
blindness, is the probable conseijuence. The skin is coloured at first 
white, at a later period brown, and part of it may be, as it were, dis- 
solved. If the tract of skin touched by the acid is extensive, death may 
result. The inflammatory processes in the skin are similar to those 
noticed by Falck and Victor in their esperimenta, already detailed 
(p. 59.) 

3. Internal Effects. — When sulphuric acid is taken internally, the 
acute and immediate symptom is pain. This, however, is not constant, 
since, in a few recorded cases, no complaint of jiain has been made ; bnt 
these are quite exceptional, and, as a rule, there will be immediate and 
great suffering. The tongue swells, the throat is also swollen and 
inflamed, swallowing of saliva even may be impossible. If this acid has 
been in contact with the epiglottis and vocal apparatus, there may be 
spasmodic croup and even fatal spasm of the glottis. 

The acid, in its passage down the gullet, attacks energetically ths 
mncous membrane and also the lining of the stomach, but the action 
does not stop there, for Lesser found in 18 out of 2(i cases (69 per cent.), 
that the corrosive action extended as far as the duodenum. There is 
excessive vomiting and retching : the matters vomited are acid, bloody, 
and slimy ; great pieces of mucous mpmbrane may be in this way 
expelled, and the whole of the lining membrane of the gullet may be 



thrown up entire. The bowels are, as a rule, conatii>ated, bnt excep- 
tionally there has been diarrhcea ; the arine is sometimes retained ; it 
invariably contains an excess of sulphates and often albumen, with 
hyaline casts of the uriniferoua tubes. The pulse is small and fre- 
quent, the breathing slow, the skin very cold and covered with sweat; 
the conntenance expresses great anxiety, and tbe extremities may 
be affected with cramps or convnlsions. Death may take place within 
from 24 to 3G hours, and be either preceded by dyspncea or by convul- 
sions ; consciousness, is, as a rule, maintained to the end. 

There are also more rapid cases than the above ; a large dose of sul-. 
phuric acid taken on an empty stomach may absolutely dissolve it, and 
pass into the peritoneum ; in such a case there is really no difference in 
the symptoms between sudden perforation of the stomach from disease, 
a penetrating wound of tbe abdomen, and any other sudden fatal lesiou 
of the organs in the abdominal cavity (for in all these instances the aym- 
toms are those of pure collapse) ; the patient is ashen pale, with pul» 
qnick and weak, the body bathed in cold sweat, and he rapidly dies, it 
may be without much complaint of local pain. 

If the pa.tient live longer than 34 hours, the symptoms are malnl; 
those of inflammation of the whole mucous tract, from the mouth to 
the stomach ; and from this inflammation the patient may die in a van-. 
able period, of from three to eleven days, after taking the poison. In. 
one case the death occurred suddenly, without any immediately preced- 
ing symptoms rendering imminent death probable. If this second b1 
is passed, then the loss of substance in the gullet and in the stomacli 
almost invariably causes impairment of function, leading to a slow and. 
painful death. The common sequence is stricture of the gullet, com- 
bined with feeble digestion, and in a few instances stricture of the pylo- 
rus. A curious sequel has been recorded by Mannkopf, viz., obstinate; 
intercostal neuralgia ; it has been observed on the fourth, seventh, an4{ 
twenty -second day. 

Treatment of Acute Poisoning by the Mineral Acids. — The int- 
mediate indication is the dilution and neutralisation of the acid. For, 
this purpose, finely divided chalk, magnesia, or sodic carbonate may fae! 
used, dissolved or suspended in much water. The use of the stomach- 
pump ia inadvisable, for the mucous membrane of the gullet may be so' 
corroded by the acid that the passage of the tube down will do injury J 
unless the nentralisation is immediate, but little good is effected ; henoS' 
it will often occur that the bystanders, if at all conversant with the 
matter, will have to use the first thing which comes to hand, such ae the 
plaster of a wail. &c.; and lastly, if even these rough antidotes are not 
to bo bad, tbe best treatment is enormous doses of water, which wiU 
dilute the acid and promote vomiting. The treatment of the after- 



BULPHUKIC ACID. 63 

ffects belongs to the province of orilinary medicine, and is baaed upon 
eneral principles. 

Post-mortem Appearances. — The general pathological appearances 
> be found in the stomach and internal organs differ according as the 
eath is rapid or slow ; if the death takes place within twenty-four 
ouFB, the effects are fairly uniform, the differences being onlj in degree ; 
hile, on the other hand, iu those cases which terminate fatally from 
ie more remote effects of the iicid, there is some variety. It may be 
ell to select two actual cases as types, the one patient dying from acute 
oiaoning, the other eurviving for a time, and then dying from nlcera- 
ion and contraction of the digestive tract. 

A hatter, early in the morning, swallowed a large mouthful of strong 
ilphuric acid, a preparation which he used in his work — (whether the 
raught was taken accidentally or suicidally was never known). Ue 
ied within two hours. The whole tongue was sphacelated, parts of the 
lUcouB membrane being dissolved ; the inner surface of the gullet, as 
ell as the whole throat, was of a grey-black colour ; the mucous mem- 
rane of the stomach was coal-black, and so softened that it gave way 
ke blotting-paper under the forceps, the contents escaping into the 
ftvity of the abdomen. The peritoneum was also blackened as if burnt ; 
robably there had been perforation of the stomach during life ; the 
incous membrane of the duodenum was swollen, hardened, and looked 
s if it had been boiled ; while the blood was of a cherry-red colour, and 
E the consistence of a thin syrup. The rest of the organs were healthy ; 
chemical research on the fluid wliich had been collected from the 
flmach, gullet, and duodenum showed that it contained 87'25 grains of 
■ee sulphuric acid.* 

This is, perhaps, the most extreme case of destruction on record ; 
le cause of unusually violent action is referable to the acid acting on an 
■npty stomneh. It is important to note that even with this extensive 
estmcf ion of the stomach, life was prolonged for two hours. 

The case I have selected to serve as the type of a chronic but fatal 
Iness produced from poisoning by sulphuric acid is one related by Oscar 
Tye». A cook, thirty-foar years of ago. who had Buffered many ail- 
lents, drank, on the 6t,h of November, 1867, by mistake, at eight 
'clock in the morning, two mouthfuls of a mixture of 1 part of sul- 
hnric acid and 4 of water. Pain in the stomach and neck, and vomit- 
ig of black masses, were the immediate symptoms, and two hours later 
e was admitted into the hospital in a state of collapse, with cold 
itremities. cyanosis of the face, &c. Copious draughts of milk were 
iven, and the patient vomited much, the vomit still consisting of black 
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pultaceoiiB matters, in which, on a microBcopical eitami nation, could b 
readily detected columnar epithelium of the stomach and n 
dements. The urine was of speciflc gravity 1-1133, non-albni 
analysis it contained 2'38S grms. of combined sulphuric acid. 

On the second day there was some improvement in the symplwtt 
the urine contained 1-276 grms. of combined sulphuric acid ; on (' 
third day 2-065 grma of combined sulphurie acid ; and on the tenth daj 
the patient Tomited up a complete cast of the mucotis membrane of i' 
gullet. The patient remained in the hospital, and became gradual! 
weaker from stricture of the gullet and impairment of the digestiv 
powers, and died, two months after taking the poison on the 5th < 
January, 1868. 

The stomach vob found small, contracted, with many odliesions t 
the pancreas and liver ; it was abont 12 centimetres long (4'l inch), ta 
from 3-2-5 centimetres (7 to '9 inch) broad, contracted to somewhat tl 
form of a cat's iniestine ; tJiere were several transverse rugae : the « 
were thickened at the small curvature, measnrements giving 5 mi 
('19 inch) in the middle, and beyond about 2'7o mm. (11 inch) ; in ti 
upper two-thirds, the lumen was so contracted as scarcely to admit tl 
point of the little finger. The inner sui-Tace was covered with a layer 9 
pus, with no trace of mucous tissue, and was everywhere pale-red, nik 
even, and crossed by cicatrical bands. In two parts, at the greater c 
vature, the mucous surface was strongly injected in a ring-like form 
and in the middle of the ring was a deep funnel-shaped ulcer ; a part o| 
the rest of the stomach was strongly injected and scattered over wifll 
numerous punctiform, small, transparent bladders. The gullet was ci 
tracted at the upper part (just below the epiglottis) from 20-22 ni 
{'78 to '86 inch) in diameter ; it then gradually widened to meoenn 
about 12 ram, (-47 inch) at the diaphragm ; in the neighbourhood of tl 
last contraction the tissue wjw scarred, injected, and ulcerated ; then 
were also small abscesses opening into this portion of the gullet. 

The museums of the different London hospitals afford escellenl 
material for the study of the effects of sulphuric acid on the phMynt 
gullet, and stomach ; and it may be a matter of convenience to stadeatj 
if the more typical examples at these different muaeums be notioad il 
detail, so that the preparations themselves may be referred to. 

In St. BartlinUimew'8 MJUimim. No. 1943, is an esample of excessive dwM 
tion of the Btomac-h by sulphuric acid. Theetomachis much contracted, M,.^^ 
has a large aperture with ragged edges; the umcous membrane isthiok«iie< 
charged, and blackened. 

No, 1.941, in the same muaeum, is the stomach of a pereon who died (romi 
large dose of sulphuric acid. When recent, it is describefl aa of a deep-wd 
colour, mottl&d with blacit ; appearances which, from long soaking in spirit, W 
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not true at the present time ; but the rough, ahagg; atste of the mucoua tiwue 
can be traced ; the gullet aud the pylorus ai>p«ar the least alTected. 

Si. Qeorye's Ho^pitnl, ser., ii., 140, II and 43, e. — The pharytntand (Esophagua 
ol a man who vras brought into the hospital la a state of collnpse. after a. liii'gc- but 
imkuuWD Jose of sulphuric acid. The lips were luuch eroded, the muuuuH mf m- 
brauG of the stomach, pharynx, and oesophagus show an extiaordinary shreddy 
coaiiition ; the lining membrane of the stumach is much charred, and the action 

^kIwb extended to the duodeuum : the muscular coat ia not affected. 

^k Oiig'» Hospital, No. 1,T1>D. — A prepnrai ion showing the mucous membrane of 

^^^ stumach entirely denuded. The organ looks like a piece of thin papt-r. 

^f No. I.TftK*. — The stomach of a woman who poisoned herself by (hinking a 
irine-glassful of acid before breakfast. She lived eleven days. Tlie main symp- 
totUB were vomiting and purging, but there was no complaint of pain Tiiere is 
exiensive destruction of mucous membrane along the lesser cui'vsture and to- 
wards the pyloric extremity ; a portion of the mucous membrane iit floating as a 
slough. 

No. 1.799*> is the gullet and stomach of a man who took abiiUt three drachms 
of Strong acid. He lived three days without much apparent suffering, and died 
unexpectedly. The lining membrane of the cesophagus has the longitudinal 
wrinkles orfurrows so often, nay, almost constantly, met with in poisoning by 
tite acids. The mucous tissue of the stomach is raised in cloudy ridgea, and 

blackened. 

a a wonderfully entire cast of the gullet froni a woman who 
swallowed an ounce of sulphuric acid, and is said, according te the catalogue, t« 
ve recovered. 
Vnivereiln College. — In this museum will l>e found an exquisite preparation of 
Sie effects of sulphuric acid. The mucous membrane of ihe oesophagtu is divided 
into small quadrilateral areas by longitudinal and transverse furrows ; the 
■tomacb is very brown, aud covered with shreddy and filamentous tissue : tha 
brown colour is without doubt the rema'ms of eitravaaated aud charred blood. 

No. 6.201 is a wax case representing the stomach of a woman who died after 
taking K large dose of sulphuric acid. A yellow mass was found in the stomach ; 
there are two perforations, and the mucous membrane ia entirely destroyed. 

DETECTIOX AND ESTIMATION OF FREE StTLPHUEIC ACID. 

The general metliod of separatitig the mineral acids is as follows : 
the tiasneB, or matters, are soaked in distilled water for some time. If 
no free acid is present, the liquid will not redden litmiia paper, or give 
■n acid reaction with any of the numerous tinctorial agents in use by 
the chemist for the purposes of titration. After sufficient digestion in 
iratec, the liquid extract ia made up to some definite bulk and allowed 
to aubaide. Filtration is unnecessary, A small fractional part (say, for 
^example, should the whole be 250 cc, iJoth or 2'5 ec.) is taken, and nsing 
as an indicator cochineal or phenol-phtluilein, the total acidity is estima- 
ted by a decinormal solution of soda. By this preliminary operation, 
some guide for the conduct of the future more exact operations is ob- 
twned. Should the liquid be very acid, a small quantity of the whole is 
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to be now taken, but if the acidity ia feeble, a, larger qaantity is neceBsarjf. 
and sufficient quinine then added to fix Ihe acid — 100 parta of Bulphurie 
acid are saturated by 342 parts of quinine monohydrate. Therefore, on 
the Buppoaition that all the free acid is sulphuric, it will be found 
sufficient to add 3 '5 parts of quinine lor ever)' 1 part of acid, estimated 
as sulphuric, found by the preliminary rough titration ; and as it is i it- 
convenient to deal with large quantities of alkaloid, a fractional portion 
of the liquid extriwit (representing not more than 50 mgrms. of acid) 
should be taken, which will require 175 mgrms. of quinine. 

On addition of the quinine, the neuti-ahsed liquid is evaporated t 
dryness, or to approaching drjiiess, and then eshausted by stroog 
alcohol. The alcoholic extract is, after filtration, dried up, and tha 
quinine sulphate, nitrate, or hydroc hi orate, as the case may be, filtered 
off and extracted by boiling water, imd precipitated by ammonia, tlw- 
end result being quinine hydrate (which may be filtered off and used 
again for similar purposes), and a sulphate, nitrate or chloride of a 
monia in solution. It therefore remains to determine the natnre and 
-quantity of the acida now combined with ammonia. The solntion it 
made up to a known hulk, and portions tested for chlorides by nitmte tA 
silver, and for nitrates by the copper or the ferrous sulphate teet. H! 
sulphuric acid is jjresent, there will be a precipitate of barium sulphate,.. 
which, on account of its density and insolubility in nitric or hydro- 
chloric acids, is very characteristic. For estimating the sulphuric acid 
tliUB found, it will only be necessary to take a known bulk of the same 
liquid, heat it to boiling after acidifying by hydrochloric acid, and then 
add a sufficient quantity of baric chloride solution. Unless this exact 
process is followed, the analyst is likely to get a liquid which refuses t», 
filter clear, but if the sulphate be precipitated from a hot liiuid, H 
usually settles rapidly to the bottom of the vessel, and the supernatant 
fiitid can be decanted clear, and the precipitate washed by decantatioDi 
and ultimately collected on a filter, dried, and weighed. 

The sulphate of barjta found, multiplied by -3434, equals the' 
sulphuric anhydride. 

The older process was to dissolve the free sulphuric acid out I 
alcohol. As is well known, mineral sulphates are insoluble in, and an 
precipitated by, alcohol, whereas sulphuric acid enters into solution. 
The most valid objection, as a quantitative process, to the use of alcohol, 
is the tendency which all mineral acids have to unite with alcohol in- 
organic combination, and thus, as it were, to disappear ; and, indeed^ 
results are found, by experiment, to be below the truth when alcohol ii, 
used. This objection does not hold good if either merely qualitstiTA 
evidence, or a fairly approximate quantatinn, is required. In such * 
case, the vomited mutters, the contents of the stomach, or a i 
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extract of the tiBsues, are .evaporated to a Gjrnp, and then extracted with 
Etrong alcohol and filtered ; a littlu phenol-phthalein Holution is added, 
and the acid alcohol eiactiy neutralised by an alcoholic solution of clear 
decinormal or normal Boda. According to the acidity of the liquid, the 
amount used of the decinormal or normal soda is not«d, and then the whole 
evaporated to dryness, and finally heated to goutle redness. The alkaline 
sulphate is next dissolved in very dilute hydrochloric acid, and the solu- 
tion precipitated by chloride of barium in the usual way. The quanti- 
tative results, although low, would, in the great majority of cases, 
answer the purpose sufficiently. 

A test usually enumerated, Hilger's test for mineral acid, may be 
mentioned. A liquid which contains a very minute quantity of mineral 
acid, becomes of a blue colour (or, if 1 per cent, or above, of a green) * ; 
but this test, although uspful in examining rinegars (eee vol. i., p. 478), 
is not of much value in toxicology, and the quinine method for this pur- 
pose meets every conceivable case, both for qualitative and quantitative 
purposes. 

The Urine. — Although an excess of sulphates is found constantly in 
the urine of persons who have taken large doses of sulphuric a*^id, the 
latter h.os never been found in that liquid iu a free state, so that it will 
be useless to search for free acid. It is, therefore, only necessary to fil- 
ter the fluid, and precipitate direct with an excess of chloride of barium. 
It is better to operate in this manner than to bum the urine to an ash, 
for iu the latter case, part of the sulphates, in the presence of phos- 
phates, are decomposed, and, on the other hand, any organic sulphur 
combinations are liable to be estimated as sulphates. 

It may also be well to pass chlorine gas through the same nrine 
which has been treated with chloride of barium, and from which tha 
sulphate has been filtered oif. The result of this treatment will be a 
second precipitate of sulphate denved from sulphur, in a different form 
of combination than that of sulphate. 

The normal amount of sulphuric acid excreted daily, according to 
Thndichum, is from 1-5 to 2'5 grms., and organic sulphur up to -2 grm. 
in the twenty-four hours, but very much more has been excreted by 
healthy persona. 

Lehmann made some observations on himself, and found that, on 
an animal diet, he excreted no less than 10-399 grms. of sulphuric acid 
per day, while on mixed food a httle over 7 grms. ; but as Thudichum 
justly observes, this great amount must be referred to individual pecu- 
liarity. The amount of sulphates has a decided relation to diet. Animal 
food, although not containing sulphates, yet, from the oxidation of the 
aulphur-hohiing albnmen, produces a urine rich in sulphate. Thus 
* On the additioa of a solution of methyl aniline violet. 
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Vogel foand that a person, whoas daily average waa 2 '02 grms., yielded 
?'3 on a meat diet. The laterual use of sulphur, aulphjdes, and suU 
phntes, giveu in an ordinary medicinal way, is traceable in the urine^ 
increasing the sulphates. lu chronic diseaseB the amount of sulphates it 
decreased, in acute increased. 

Finally, it would appear that the determination of sulphates in ths 
uriue is not of much value, save when the normal amounl thai the inH-' 
victual secretes is pnmarily known. On the other hand, a low amoniih> 
of sulphates in the urine of a person poisoned hy sulphuric acid has do|. 
been observed, and one can imagine cases in which such a low reeult 
might have forensic importance. 

The presence of albumen in the urine has been considered by 
a constant result of sulphuric acid poisoning, but although when looked' 
for it is usually found, it cannot be considered constant. 0. Smoler,' 
eighteen cases of various degrees of sulphuric acid poisoning, found 
nothing abnormal in the urine. Wyssf found in the later stages of % 
ease indican and pua. E. Leyden and Ph. Munn % always found blood 
in the urine, as well as albumen, with easts and cellular elements, 
Maunkopf § found albuminuria in three cases out of five ; in two of the 
cases there were fibrinous casts ; in two the albumen disappeared at tha 
end of the second or third day, but in one it continued for more than 
twenty days. Bamberger || has observed an increased albuminuria, witlfc 
separation of the colouring matter of the blood. In this case it wi 
cribod to the action of the acid on the blood. 

The Blood.— ^In Casper's case, No. 193, the vena cava of a childj 
who died within an hour after swallowing a large dose of sulphuric acid, 
was filled with a cherry-red, strongly acid-reacting blood. Again, Cas- 
per's case, No. 200, is that of a young woman, aged 19, who died from i 
poisonous dose of sulphuric acid. At the autopsy, four days afterdeath, 
the following peculiarities of the blood were thus noted: — "The blood 
had an iwid reaction, was dark, and had (as is usual in these cases) a 
syrupy consistence, while the blood-corpuscles were -quite unchauged. 
The blood was treated with an excess of absolute alcohol filtered, the fit 
trate concentrated on a water-bath, the residue exhausted with absolnta 
alcohol, &c. It yielded a small quantity of sulphuric acid." 

Other similar cases might be noted, but it must not for a moment 
be supposed that the mass of the blood contains any free sulphuric acid 

» Archie der Heakiindf red. v. E. Wajmer, 1689. Hft. 3, 8. 181. 

t Wiener MedidTial-Balle. 1861. Jahr. 6. No. 46, 

tVirchow'8-4j-<-ftii'./. Path. Anat, 1881. Bd. 33. Hft. 8 u. 4,8,387. 

%WimMed. Woehengehrift.im2. Nro. 35. 1868, Nro. 5. 

[Wien M/^.-HaUe. ISU. Nro, 89. 30. 
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dnriug life. The aciditj of the blood in the veua cava may be ascribed 
to post-mortem eudosmosia, the acid passing through the walls of the 
etomach into the large vessel. 

Sulplmtes. — If the acid swallowed should have been entirely neutral- 
ised by antidotes, auch as chalk, &c. , it becomes of the first importance to 
aecertain, as far us possible, by means of a microscopical examination, the 
natnre of the food remaining in the stomach, and then to calculate the 
probable contents in sulphates of the food thus known to be eaten. It 
will be found that with ordinary food, and under ordinarj- circumstances, 
small percentages of combined sulphuric acid can be present. 
As an example, tako the ordinary rations of the soldier, viz.: — 12 
of meat, 24 oz. of bread, Ifi oz. of potatoes, 8 oz. of other vegetables; 
with sugar, salt, tea, coflee, and water, Now, if the whole quantity of 
these Bubstances were eaten at a meal, they would not contain more than 
from 8 to 10 grains ('S-'G grm.) of anhydrous aulphuric acid in the form 
" sulphates. 

So far as the contents of the stomach are concerned, we have only to 
to with sulphates introduced in the food, but when once the food passes 
.her along the intestinal canal, circumstances are altered, for we liave 
Iphur-holding seeretionB, which, with ordinary chemical methods, yield 
ilphuric acid. Thus, even in the newly-bom infant, according to the 
analysis of Zweifler, the mineral constituents of meconium are especially 
sulphate of lime, with a smaller quantity of snlphate of potash. The 
amount of bile which Aowb into the whole tract of the intestinal canal 
is estimated at about half a litre in the 2i hours ; the amount of sulphur 
found in bile varies from -89 to 3 per cent., so that in 500 cc. we might, 
by oxidising the sulphur, obtain from '5 to 2'0 grms. of sulphuric anhy- 
,dride. 

It is therefore certain that large quantities of organic sulphur-com- 
inda may be found in the human intestinal canal, for with individuals 
'ho saflor from constipation, the residues of the biliary secretion accumu- 
late for many days. Ilence, if tlie analyst searches for sulphates in 
ezcretal matters, all methods involving destruction of organic substanceB, 
whether by fire or by fluid-oxidising agents, are wrong in principle, and 
lere is nothing left save to separate soluble sulphates by dialysis, or to 
ipitate direct out of an aqueous extract. 

Again, sulphate of magnesia is a common medicine, and so is sodic 
phato ; a possible medicinal dose of magnesia sulphate might amount 
bS'! grms. (2 oz.), the more usual dose being half that quantity, 
(tly among the insime there are found patients who will eat plaster-of- 
*aris, earth, and similar matters, so that, in specittl caBes, a very large 
lonnt of combined sulphuric acid may be found in the intestinal tract, 
ithout any relation to poisoning by the free acid ; bat in such instances 
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it must be rare, indeed, that eurronnding circumetanceB or pathological i 
evidence will not give a clue to the real state of affairs. 



II,— HYDROOHLORIO ACID. 

General Properties. — Hydrochloric acid, otherwise called rnurfu^: 
acid, spirit of salt, ia, in a strictly chemical seose, a pure gas, composed 
of 97-36 per cent, of chlorine, and a-74 per cent, of hydrogen ; but in 
an ordinary sense, it is a liquid, being a solution of the gaa itself. 

Hydrochloric acid is made on an enormous scale in the United 
Kingdom, the production being estimated at about a millions tons 
annually. 

The toxicology of hydrochloric acid is modern, for we have 
evidence that anything was known of it prior to the middle of the 
seventeenth century, when Glauber prepared it in solution, and, in ITTi, 
Priestley,by treating common salt with sulphuric acid, isolated the pnrfti 
gaa. 

The common liquid hydrochloric acid of commerce has a specifio 
gravity of from 1*15 to 1'20, and contains usnally less than 40 parts rf 
hydrochloric acid in the 100 parts. The strength of pure samples dt 
hydrochloric acid can be told by the specific gravity, aud a very clott 
approximation, in default of tables, may be obtained by simply multiply- 
ing the decimal figures of the specific gravity by 200. For example, 
acid of 1'20 gravity would by this rule contain 40 per cent, of real 
for -20 X 200—40. 

The commercial acid is nearly always a little yellow, from thi 
presence of iron derived from metallic retorts, and usually contains small' 
quantities of chloride of arsenic,* derived from the sulphuric acid ; bat 
the colourless hydrochloric acid specially made for laboratory and 
medicinal use is nearly always pure. ' 

The uses of the liquid acid are mainly in the production of chlorinSi 
as a solvent for metals, and for medicinal and chemical purposes, lU' 
properties are briefly as follows ; — 

It is a colourless or faintlj-yellow acid liquid, the depth of colour 
depending on its purity, and especially its freedom from iron. The liquid 
is volatile, and can be separated from fixed matters and the less volatilft 
acids by distillation ; it has a strong attraction for water, and fumes whea 

• Some samples of hj-dmchloric acid have been found to contain as muck 
as 4 per cent, of eUoride of arsenic, but this is very unusual. Glenard founil M 
* mean %!i, Abj 0] per kilogramme. 
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Pexposed to the nir, from becoming saturated with aqueane vaponr. If 

texposed to the vapour of ammonia, extremely dense clouds arise, due to the 

I formation of the solid ammonium chloride. The acid boiled with a small 

^iqnantity of manganese binoxide, evolves chlorine. Dioxide of lead hasa 

I -similar action ; the chlorine maj be detected byits bleaching action on a 

k piece of paper dipped in indigo blue ; a little zinc-foil immersed in the 

acid disengages hydrogen. These two testa — viz., the production of 

chlorine by the one, and the production of hydrogen by the other — sep- ■ 

urate and reveal the constituent parts of the ncid. Hydrochloric acid, in 

common with chlorides, give a dense precipitate with silver nitrate. 

The precipitate is insoluble in nitric acid, but soluble in ammonia ; it 

melts without decomposition. Exposed to the light, it becomes of a pur- 

e or blackish colour. Every 100 parte of silver chloride are equal to 

5*43 of hydrochloric acid, HCl, and 63-5 parts of the liquid acid of 

(cific gravity 1'20. 

The properties of the pure hydrochloric acid gaa are ae follows : — 

•iBpecilic gravity, 1-2C2, consisting of equal volumes of hydrogen and 

iblorine, united without condensation. 100 cubic inches must therefore 

} a weight of 3936 grains. Ite gas was liquefied by Faraday by 

leans of a pressure of 40 atmospheres at 10° ; it was colourless and had a 

s refractive index than wat«r. 

Water absorbs the gas with avidity, 100 volumes of water absorbing 

18,000 volumes of the gas, and becoming 143 volumes. The solution has 

~1 the properties of strong hydrochloric acid, specific gravity 1'2I, The 

idilnte hydrochloric acid of the Pharmacopoeia should have a specific 

gravity of 1'052, and be equivalent to 10'58 per cent, of HCl. 

Fatal Dose. — The dose which destroys life is not known with any 
laccuracy. In two cases, adults have been killed by 14 grms. (half aa 
iince) of the commercial acid : but, on the othei- hand, recovery is re- 
tarded, when more than double this quantity has been taken. A girl, 
Jen years of age, died from drinking a teaspoonful of the acid.* 
AtniMntt of Free Acid in the Gastric Juice. — Hydrochloric acid exists 
I the gastric juice. This was first ascertained by Prout f in 1824 ; ho 
iparated it by distillation. The observation was afterwards confirmed 
y Gmclin.I Children,gand Bracconnot.| On the other hand, LehmannT 
'Brit. Med. Joum,. March, 1871. 
t ■' Philoeophic&l Transactions," 1834, p. 45. 

fP. Tiedmann and L. Gmelin, " Die Verdnwing naeh Veravehen." Heidel- 
g a. Leipsic, 1826, i. 

I'-Annalsof Philoaopliy," July, 1834. 
I Ann. de Chim.. t. lii.. p. ^48. 
^Journal/. Pmkt. ChemU. B.J. xl.. 47. 
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pointed out that, as the stomach secretion contained, without a donb^ 
lactic acid, the act of distillation, in the pieseuce of this lactic acid 
would set free hydrochloric acid from any alkaline chlorides. Blondlot 
and CI. Bernard also showed that the gastric juice possessed no acid 
which would dissolve oxalate of lime, or develop hydrogen when treated 
with iron filings ; hence there could not he free hydrochloric acid which 
even in a diluted state, would respond to both these tests. Then fol- 
lowed the researches of C. Schmidt," who showed that the gastric secre- 
tion of men, of sheep, and of dogs contained more hydrochloric acid 
than wonld satisfy the bases present ; ami he propounded the view, now 
generally held, that the gastric juice docs not contain absolutely free hy* 
drochloric aciii, but that it is in loose combination with the jrepsin. 

The amount of hydrochloric acid iu the healthy stomach varies ao- 
eording as to whether digestion is actively proceeding or not, and entirely 
depends on the amount of gaatric juice. Schmidt calculated it as '2 par 
cent, of the fresh juice. In diseased conditions, however, the amount 
may bo greater, for Hoppe-Scyler f states that in 2 -5 litres of gostric-jnie* 
from a patient with notable dilatation of the stomach, he found no lactic, 
but a large quantity of hydrocliloric acid, so large, indeed, that, with 
moderate heating on the water bath, the acid was sufficiently concentrated 
to blacken the organic matters with which it was in contact. 

luftueiice of Hydrochloric Acid on Vei/eiaiion. — Hydrochloric add 
fumes, if emitted from works on a large scale, injure vegetation much. 
In former years, before any legal obligations were placed upon manufac- 
turers, for the condensing of the volatile products, the nuisance from thil 
cause was great. In 1833, the duty on salt being repealed by the govenir 
ment, an extraordinary impetus was given to the manufacture of hydro- 
chloric acid, and since all the volatile products at that time escaped througb! 
ehort chimneya into the air, a considerable area of land round the worfc| 
was rendered quite unfit for growing plants. The present law on the; 
subject is, that the maximum quantity of acid escaping shall not exceed' 
2 grains per cnbic foot of the air, smoke, or chimney gases; and according: 
to the reports of Dr. Angus Smith, the condensation by the improved ap- 
pliances is well within the Act, and about as perfect as can be devisei 
It appears from the reports of the Belgian commission in 1855, wheS' 
virtually no precautions were taken, that the gases are liable to injure 
vegetation to tho extent of 2.000 metres (G,5fiO) yards around any actiTa 
works ; the more watery vapour the air contains, the quicker is the _ 
precipitated and carried to the earth. If the action of the vapour is coo- 
siderable, the leaves of plants dry and wither ; the chlorophyll becomefl 

• Bidder u. Schmidt, Verdauitga-Silfte, *c. 

i " Phyaiologiaelte Chemie," von Dr, Felix Hoppe-Seyler. Theil ii.,p. 230. Ber- 
lin. 1878. 
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modified, and no longer gives the normal epeclrum, wkile a thickening 
of the rind of trees hua also been noticud. The cereals Buffer much ; 
they inorouse in stalk, but produce little grain. The leguminosffi becomo 
spotted, and have an air of dryness and want of vigour ; while the pota- 
to, among plants utilised for food, appears to have the strongest resist- 
Vinea are very sensitive to the gas. Among trees, the alder seems 
iDost Bensitire ; then come fruit-trees, and last, the hardj foreat-treos — 
s pophu", the aah, the lime, the elm, the maple, the bircli, and the 
• 

Action upon Clolh and Manufactured Articles. — On black cloth the 
dd produces a green stain, which is not moist and shows no corrosion. 
On moist mutters the stain is more or less reddish ; after a little time no 
free a<.-id may be detected, by simply moistening the spot ; hnt if the 
ataiu is cnt out and boiled with water, there may be some evidence of 
free acid. The absence of moisture and corrosion diatinguishes the stain 
M that produced by sulphuric acid. 

Poisonous Effects of Hydrochloric Acid Gas. — Eulenberg f has stnd- 
the effects of the vapour of thia acid on rabbits and pigeons. One 
-of these experiments may be cited in detail. Hydrochloric acid gas, pre- 
pared by heating together common salt aud sulphuric acid, was passed 
into a glass shade sujiported on a plate, and a rabbit was placed in the 
transparent chamber thus formed. On the entrance of the vapour, there 
was immediate blinking of the eyes, rubbing of the paws against the nos- 
trils, and emission of white fumes with the expired breath, while the 
respiration was irregular (40 to the minnte). After the lapse of ten min- 
ntea, the gas was again introduced, until the atmosphere was quite thick; 
the symptoms were similar to those detailed above, but more violent ; 
and in fonrteen minutes from the commencement, the rabbit sank down 
on its right side (respiration .32). When twenty-two minutes had elapsed, 
the gas was again allowed to enter. The rabbit now lay quiet, with 
closed eyes and laboured respiration, and, finally, after half-an-hour of 
termittent exposure to the gas, the animal was removed. 

The cornea was opalescent, and the eyea filled with water ; there 

•Tliose who desire to study more cloeely the effect of acids generaUy on veg- 
etation may consult the various pnpere of the alkali inapectore contained in the 
Local Government Reports. See also Schiibartli. Die Saueren Ga*re. urMie SehiLvf- 
daaure und Sodn-Fabriken vfrhrHti^. Verkandlungen rfes Vereins eur BrfPrder- 
ung *■» Oewerberflfisteg in PretiMen. 1857, S. ISO. Dingler's Journal. Bd. 1«, 8. 
874-427. 

Chriatel. Ueber die EHntmrhing von Bduren-mmpfm aufdie Vegetation. 

Arek. f. FlianwMt:. 1871. p. 2S2. 

VierUUahrwfhrift far Oerichttiehe Medicin. 17 Bd. S. 404. 1873. 

i- Oemrbe HygUne." BerUn, 1878, 8. 51. 
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was frequent shaking of the head and working of tlie forepaws. After 
tJirue miiiutea' txposuri! to the air, the respirationa were found to be 128 
pLT minute ; this qiiickeued respiration lasted for an hour, th^a gave 
place to a shorter and more su^ierficial breathing. On the eecoud day 
after the experiment, the rabbit suffered from laboured rcBpinition (38 to 
tht) minute) and puin, and thei-o was a nittling in the bronchial tnbeL 
The animal died on the third day, death being preceded by bIot respira- 
tion (13 to the minute). 

Tho appcariintoH twuntv-four hours after death were as follows :— 
The eyes were coated with a thick alime, and both cornea were opale- 
Bcent ; there was strong rigidity of the body. The pia mater covering 
the brain was' everywhere hypertemic, and at the hinder border of both 
hemispheres appeared u small clot, surrounded by a thin layer of bloody 
fluid. Thc^^ez. eenos spin, was filled with coagulated blood, and there 
was also a thin extravasation of blood covering the medulla and pons. 
The luugs were mottled l>riglit brown-red ; the middle lobe of the right 
lung was dark-brown, solid, and sank in water ; the lower lobe of the 
same lung and the upper lobe of the left lung were nearly in aEunilar 
condition, but the edges were of a briglit red. The parenchyma in thft 
darker places on section did not erepitate. On the cut surface was a lit- 
tle dark, fluid, weakly-acid blood ; the tracheal mucous membrane waft 
injected. Tho heart was filled with thick coagulated blood ; the livaf 
was congested, of a reddish-brown colour, and rieh in dark, fluid blood ; 
in the vena cava inferior waa coagulated blood. The kidneys were not 
hy^jertemic ; the intestines were superficially congested,. 

I think there can be Uttle doubt that tho sympioms during life, and 
the appearances after death, in this case are perfectly consistent with the 
following view : — The vapour acts first aa a direct irritant, and is capable 
of exciting inflammation in the lung and bronchial tissues ; but besidea 
this, there is a secondary effect, only ocuurring when the gas is in suffi- 
cient quantity, and the action sufficiently prolonged — viz,, a direct 
coagulation of the blood in certain points of tho living vessels of the 
lungs. The consequence of this is a more or less general backward en- 
gorgement, the right side of the heart becomes distended with blood, 
and tho ultimate cause of death is partly mechanical. The hypenemia 
of the brain membranes, and even the hsemorrhages, are quite consistent 
with this view, and occur in cases where the obstruction to the circula- 
tion is of a coarser and more obvious character, and can therefore be bet- 
ter appreciated. 

Effects of the Liquid Add. — There is oue distinction between 
poisoning by hydrochloric and the other minenil acids— namely, the 
absence of corrosion of the skin. Ad. Lesser* has established by direct 
• Virchow'8 Arehiv f. Patk. Anal.., Bd. 83, Hft. B, S. SIS, 1881, 
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bxperiment, that it is not possible to make any pGmmnent mark on the 
■kin by tiie apjiHciltion even of the strongest commerciiil aciil {40 per 
cent.). Hence, in any case of suspected poisoning by acid, Bhonld there 
be stains on tlie lips and face as from an acid, the presumption will be 
jnther against hydrochloric. The symptoms themselves differ very little 

rom those produced by snlphuric acid. The pathological appearances 

Iso are not essentially different, but hydrochloric is a weaker acid, and 
l^e extensive disorganisation, solntion, and perforation of the viscera, 
noticed occasionally with sulphuric acid, have never been found in hydro- 
efaloric acid poisoning. We may quote here the following ease : — 

woman, under the influence of great and sudden grief — not un- 
mised with paeaiou— drew a bottle from her pocket, and emptied it very 
quickly. She immediately uttered a cry, writhed and vomited a yollow- 

reen fluid. The abdomen also became enlarged. Milk was given her, 
t she could not swallow it, and death took place, in convulsions, two 

lOurs after the drinking of the poison. 

The posl-vwrlem appearances were briefly as follows :-^Mouth and 
tongae free from textural change : much gas in the abdomen, more espe- 
cially in the stomach ; the membranes of the brain congested ; the Innga 
filled with blood. The stomach was strongly pressed forward, of a dark 
brown-red, and exhibiting many irregular blackish spots, varying from 
two lines to half-an-inch in diameter {the spots were drier and harder 
than the rest of the stomach) ; the mucous membrane, internally, was 
generally blackened, and changed to a carbonised, shaggy, slimy mass, 
while the organ was filled with a blackish homogeneous pulp, which had 
. no odour. The giillet was also blackened. A considerable quantity of 
hydrochloric acid was separated from the stomach.* 

The termination in this instance was unusually rapid. In a cos© 
detailed by Casper, f in which a boy drank an unknown quantity of acid, 

■death took place in seven hours. In Guy's Hospital museum, the duo- 
idennm and stomach are preserved of a patient who is said to have died 
in nine and a half hours from half an ounce of the acid. The same 
quantity, in a case related by Taylor, caused death in eighteen hours. 
.Prom these and other instancesj it may be presumed that death from 
.Aoute poisoning by hydrochloric acid will probably take place within 
wenty-four hours, 

Post-inortem Appearances. — The pathological appearances are very 
tfmilar to those found in the cose already detailed ; though the skin of 



, Priedencha Blatter f. Qerichtl, AiithropologU, 
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the face may not be eroded in any way by the acid, yet the more delicate 
mucous membrane of the mouth, gullet, &c., appears to ha\e been 
alwaya changed, and is usually white or whitish-brown. Perforation of 
the stomach has not been noticed. 

in Guy'a Hospital museum (prep. 1,799"), the stomach and dno- 
denum of the case mentioned exhibit the mucous membrane considerably . 
injected, with extravasations of blood, which, at the lime when the prep- 
aration was first arranged, were ot various trues, but are now somewhat 
altered, through long keeping in spirit. In St. George's Hospital 
museum (sor. ix., 43, d, 200) iire preserved the stomach and part of the 
duodenum of a person, who died from hydrochloric acid. The cajse ia 
detailed in the Medical Times and Qazeite for 1853, vol. ii., p. 613. The 
■whole inner surface appears to be in a sloughing state, and the Jar}-nx 
and lung were also inflamed. 

A preparation, presented by Mr, Bowman to King's College Hospital 
museum, exhibits the effecta of a very large dose of hydrochloric acid. 
The gullet has a shrivelled and worm-eaten ajipearance ; the stomach is 
injected with black blood, and was filled with an acid, gruraoua matter* 

Looking at these and other museum preparations illustrating the 
effecta of sulphuric and hydrochloric acids, I waa unable (in default of 
the history of the cases) to distinguish between the two, by the naked 
eye appearances, save in those cases in which the disorganisation was so 
excessive aa to render hydrochloric acid improbable. On the other hand, 
the changes produced by nitric acid are so distinctive, that it ia impossi- 
ble to mistake its action for that of any other acid. The nitric add 
pathological preparations may be picked out at a glance. 

DHedioH and Ediinaiion of Free Hydrochloric Acid. — The detec- 
tion of free hydrochloric acid presents no difficulty. The contents of 
the stomach (or a watery extract of the latter) are distilled, and the diB- 
tillate precipitated with silver nitrate solution. It is perfectly true that 
a healthy stomach thus treated will yield a distillate giving a faint cloud 
with silver nitrate ; but if any percentage of free acid is in the stomach, 
as in cases of poisoning, there is an abundant precipitate, which may be 
collected and weighed in the usual manner. It nuiy also be urged that 
if free sulphuric iKid ia present, or if there is free lactic acid, chlorides 
by distillation may be broken up and yield hydrochloric acid. This is 
certainly the case, but anyone engaged in practical work would naturally 
teat for sulphuric acid ; and it is always open, where there is doubt, to 
extract the free mineral acids by quinine, as recommended in the article 
on sulphuric acid (page 67). 

The only silver precipitates insoluble in nitric acid, when the acid 

* A drawing of parts of tlie gullet and stomach is given in Ouy and Ferriet'e 
" Forensic Medicine." 
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stents of the stomach are distilled, are cyanide or chloride of silver, 
properties of cyanide of silver are quite diflerent from those of chlo- 
{see the article on the cyanides), ami the history of the case would 
probably be widely different. Oil the other hand, I liave several times 
met with a distillate from the Btomuch, when nctitnil, giving a fair pre- 
cipitate with nitrate of ailver, but immediately dissolving on the addi- 
tion of a drop of nitric acid. For exact quantitative results, it will be 
necessary to distill to dryness. This operation, in the presence of much 
organic mutter, ja beat conducted in the perfect vacanm of the mercury 
mp (see fig. 8, p. 51) ; the receiver should contain a known quantity 
normal soda' solution, and be surrounded with Ice. The chlortue in 
I distillate may be estimated voUi metrically by the aid of a volumetric 
solution of nitrate of silver, using as an indicator neutral chromate of 
potash, (See vol. i., " Analysis of Foods," p. Slti). 

In investigating the stains from hydrochloric acid on fabrics, or the 
loaves of plants, any free hydrochloric acid may be separated by boiling 
witb water, and then investigating the aqueous extract. Should, how- 
ever, the stain be old, all free acid may have disappeared, and yet some 
of the chlorine remain in organic combination with the tissue, or in com- 
bination with bases. Dr. Angus Smith has found weighed portions of 
leaves, etc., which had been esposed to the action of hydrochloric acid 
^ames, richer in chlorides than similar parts of the plants not thus es- 
toosed. 

f The most accurate method of investigation is to cut out the stained 
portions, weigh them, and burn them up in a combustion-tube, the front 
portion of the tube being filled with caustic lime known to be free from 
chlorides ; a similar experiment must be made with the unstained por- 
tions. In this way a considerable difference may often be found ; and it 
is not impossible, in some instances, to thus detect, after the lapse of 
many years, that certain stains have been produced by a chlorine-holding 
;b8tance. 




ra.— NITRIC ACID. 

Nitric acid, commonly known in England as aijua fortis, chemically 

Bnitrie add, hydric nitrate, or nitric mono-hydrate — is a mono-hydrate 

~ot nitrogen pentoxide, (NjO,). Two equivalents, or 136 parts of nitric 

acid containing 108 of N.Oj and 18 of H,0 anhydrous nitric acid; 

trogen pentoxide, can he obtained by passing, with special precautions. 
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dry chlorine over silver nitrate. Tho products are free oxygen and 

nitrogen pentoxide, according to tlio following equation ; — 



Silver Nitrate. Clilorine. 
Ag.O,NjOs + 2C1. 



2A^1. 



NluvKeii Peuuiiao. OxyKen 
+ N^H- 



By surrounding the receiver with a freezing mixture, the acid is 
condensed in crystals, whicii dissolve in water, with emission of much 
heat, forming nitric acid. Sometimes tho crystals, though kept in sealed 
tubes, decompose, and the tube, from the pressure of the liberat«d ga^ea 
burstB with a dangerous explosion. 

Properhen. — Pure nitric aeid has a specific gravity of 1-52, and boila 
at 98°. Dr. Ure examined the boiling point imd other properticfl of 
nitric acid verj- fully. An acid of 1-5 gravity boils at 98.8° ; of specifio 
gravity 1-45. at 115-5° ; specific grarity 1-40, at 118-8° ; of specific grav- 
ity 1-43, at 122-8°. The acid of specific gi-avity of 1-42 is the standard 
acid of the British Pharmaeopceia, It can always be obtained by dietill- 
ing either strong or moderately weak nitric acid ; for, on the one hand^ 
the acid on distiilation gets weaker until the gravity of 1-42 is reached* 
or, on the other, it becomes stronger. 

There is little doubt that acid of 1-42 gravity is a definite hydrate, 
consisting of one atom of drj- acid and 4 atoms of water , it corresponds 
to 76 per cent.* of the liquid acid HNOj. There are also at least two 
other hydrates known — one an acid of 1-485 specific gravity, correspond- 
ing to 1 atom of dry acid and 2 of water, and an acid of specific gravitj 
1-334, corresponding to 1 atom of dry aeid and 7 atoms of water. 

In Germany the officinal acid is of 1-185 specific gravity, correspond- 
ing to about 30 jjer cent, of HKO, The dilute nitric acid of the Phar- 
macopteia is a colourless liquid, of specific gravity I'lOl, and should coo- 
tain about 19 per cent, of acid. The acids used in various industries an 
known respectively as dyers' and engravers' acids. Dyers' aeid has & 
gravity of 1-33 to 1-34 (66° to 68° Twad.), that is, strengtli from 66 to 68 
per cent, of HNO,. Engraver^ acid is stronger ; being of 1-40 specific 
gravity (80° Twad.) ; and contains 70 per cent, of HNOj. Although the 
pure acid of commerce is (and should be) almost colourless, most c 
mercial specimens are of hues from yellow up to deep-red. An acid 
urated with red oxides of nitrogen is often known as " fuming nitrio 
acid," 

U»e in the Arts. — Nitric aeid is employed very extensively in the 
arta and manufaetures. The dyer uses it as a solvent for tin in the pre- 
paration of valuable mordaunts for calico and other fabrics ; the engraver 
uses it for etching copper. It is an indispensable agent in the manufac- 

* The British Phurmacopceia states that tbe 1 "43 acid equals 70 per cent, of 
HNO» ; but this is not in accordance with Ure'e Tablea. nor with the (acts. 
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nre of gnn-ootton, nitro-glyceriue, picrie-acid, anfl Bnlphuric acid ; it is 

.Iso used in the manufacture of tallow, in preparing the felt for hats, 
.nd in the gilding trades. It is 8aid to be utilised lu make yellowish or 
awn-coloured spots on cigar leaves, bo as to give them the appearance of 
ge and quality. It ia also used as a medicine. 

fatal Dose. — The dose which cauaes death has not been ascertained 
rith any exactness. As in the case of antphuric acid, we may go so far 
& to say that it is possible for & few Ai-oyis of the strong acid to be fatal, 
or if bronght into contact with the vocal apparatus, fatal spasm of the 
;lotti8 might be excited. The smallest dose on record is ?■? gnna. (2 
.rftchms), which killed a child aged 13. 

Action of Nitric Acid on Vegetation. — Nitric acid acta on plants 
ujarionsty in a two-fold manner — viz., by direct corrosive action, and 
Ibo by decomposing the chlorides which all plants contain, thus setting 
ree chlorine, which decomposes and bloachea the chlorophyll. The 
ctiou is most intense on soft and delicate leaves, such as those of clover, 
he cabbage, and all the cruciferffi. The tobacco plant is particnlarly 
ujured by nitric acid. Next to all herbaceous plants, trees, such as the 
.pple, pear, and fruit trees, generally suffer. The conifene, whether 
rom their impregnation with resin, or from some other cause, possess u 
onsiderable resisting power against nitric acid vapour, and the same is 
rue as regards the cereals ; in the ktter case, their silecious armour acts 
s a preserving agent. 

Nitric Acid Vapour. — The action of nitric acid in a state of vapour, 
e evolved by wanuing potassic nitrate and sulphuric acid together, has 
een studied by Eulenberg. A rabbit was placed under a shade into which 
i grains of nitric acid in a state of vapour were introduced. From the 
sndittons of the experiment, some nitric peroxide must also have been 
resent. Irritation of the external mucous membranes and embaross- 
lent in breathing were obser^'ed. The animal in forty-five minutes was 
uDOved, and suffered afterwards from a croupous bronchitis, from which, 
owever, it completely recovered in eleven days. A second experiment 
ith the same animal was followed by death. On inspection, there was 
)nnd strong injection of the cerebral membranes, with small extravasa- 
ons of blood ; the lungs were excessively congested ; the right middle 
)be especially was of a liver-brown colour, and empty of air : it sank in 
ater. 

0. Lassar* has also made a series of researches on the influence of 
itric acid vapour, from which he concludes that the acid is not absorbed 
y the blood, hut acts only by its mechanical irritation, for he could not 
nee, by means of an examination of the urine, any evidence of such 
Worjition, 

• Hoppe-Seyler'B Zritaehnfif. Phynol. Chemie., Bd, I., B. 165-178. 1877-78, 
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There are a few inatancea on record of the vapocr having been tatai 
to men; for esample, the well-known caae of Mr. lluywoorl, a chemist 
of Sheffield, may be cited. In pouring a mixture of nitric and sulphuric 
acids from a carboy of sixty pounds' capacity, the vessel broke, and for & 
few minutes he inhaled the mixed fumee. He died eleven hours after the 
accident, although for the first throe hours there were scarcely any symp- 
toms of an injurious effect having been produced. On inspection, there 
was found intense congestion of the windpipe and bronchial tubes, with 
effusion of blood in the latter. The lining membrane of the heart and 
aorta was inflamed ; unfortunately, the larj-nx was not examined.* 

A very similar case happened in Edinburgh in 1864. f Two younp 
men were carrying a jar of nitric acid ; the jar broke, and they attempted 
to wipe up the acid from the floor. The one died ten hours after tbe 
accident, the other in less than twenty-four hours. The symptoms wero 
mainly those of difficult breathing, and it is ]irobab!e that death was pro- 
duced from suffocation. Dr. Taylor relates also, that having accidentally 
inhaled the vapour in preparing gun-cotton, he suffered from severe con- 
striction of the throat, tightness in the chest, and cough, for more than 
a week-t 

Effects of Liquid Nitric Acid. — Poisoning by nitric acid, thougb 
still rare, is naturally more frequent than formerly. At the beginning of 
this century, Tartra | wrote a most excellent monograph on the snbject, 
and collated all the cases he could find, from the first recorded instances 
related by Bembo | in Venetian historj-, down to hia own time. The 
number of deaths in those +01) years was but 55, while, in our century, at 
least 50 can be numbered. Most of these {74 per cent.) are suicidal, a 
very few homicidal, the rest accidental. In one of Tartra'a cases, some 
nitric acid was placed in the wine of a dmnken woman, with fatal effect 
Oseubriiggen *|f relates the case of a father murdering his six children by 
means of nitric acid ; and C. A. Buchner ** that of a soldier who poured 
acid into the mouth of his illegitimate infant, A curious case is one 

• Lartect, April 10. 1854, p. 480. 

t ChemiccU News, March 14. 1868, p. 188. 

t " Principles and Practice of Medical Jurigpnidence," vol. i., 1S78, p, 918. 

g Tartra, A, E. Dr., Traiti de rEmpoisonnement par TAeide Nitriqae, Patiiv 
An. 10 {1802), pp, 300. 
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in irhicli a man poiaoned hia drimken wife by pouring the acid into hur 
right ear ; she died after sii weeks' illnesa. All these instances prove 
aguln, if necessarj', that the acid is only likely to be used with murderous 
intent in the caae of young children, or of sleeping, drunken, or other- 
wise helpless people, 

Aa aQ example of the way in which accidents are brought about by 
heedlessness, may be cited the recent case of a woman who bought a 
flmall quantity of aqua fortis for the purpose of allaying toothache by a 
local application, Slie attempted to pour the acid direct from the bottle 
into the cavity of the tooth ; the acid went down her throat, and the 
naual symptoms followed. She threw up a very perfect cast of the gullet 
(preserved in University College musuem), and rapidly died. Nitric acid 

[has been mistaken for various liquids, and has also been used by injection 
W an abortive, in every respect having a toxicological history similai' to 
'that of sulphuric acid. 

Local Action. — When strong nitric acid cornea in contact with 
organic nyittors, there is almost eonatantly a development of gas. The 
tissue is flrat bleaolied, and then becomes of a more or less intense yellow 
oolour, Kitric acid spots on the skin are not removed by ammonia, but 
hecome of an orange-red when moistened with potash and a solution of 
Cyanide of potash. Tiie yellow colour seema to show that picric acid ia 
one of the constant products of t!ie reaction ; sulphide of ammonium 
forms a sort of aoap with the epidermis thus attacked, and detachea it. 

Symploiiis. — The symptoms and course of nitric acid poiaoniug differ 
in a few details only from thoae of auiphuric acid. There is the same 
instant pain and freqnent vomiting, deatruction of the mucous mem- 
hrunes, and, in the less severe cases, after-contraction of the gullet, Ac. 

One of the differencea in t!ie action of nitric and sulphuric acids is 
'itiiB constant development of gaa with the former. This, without doubt, 
•dda to the suffering. Tartra made several experiments on dead bodies, 
and showed that very considerable distention of the intestinal canal, by 
gueous products, waa the constant result : the tissues were corroded and 
almost dissolved, being transformed, ultimately, into a aort of greasy 
paste. The vomited matters are of a yellow colour, unleas mixed with 
blood, when they are of a dirty-brown hue, with ahreda of yellow mucous, 
and have the strong acid reaction and smell of nitric acid. The teeth 
may be partially attacked from the solvent action of the acid on the 
anamel. The fauces and tongue, at flrat blanched, soon acquire a citron- 
jellow, or even a brown colour ; the whole cavity may swell and inflame, 
i.Mndering the swallowing of liquids difficult, painful, and aometimea im- 
. poesible. The air paaaagea may also become affected, and in one case 
:;tncbeotomy waa performed for the relief of the breathing.* The stomach 
• Amott, Med. Om. vol. lii., p. 220. 



poisons: THEm effects axd detection. 

rejects all remedies ; there are aymptoniB of collapse ; quici, weak pulse, 
frequent shivering, obstinate constipation, and death {often preceded by 
a kind of stupor), in from eighteen to twenty-four hours. The intelleO" 
tual faculties remain clear, save in a few rare instances. 

('. A. Wunderlich has recorded an unusual case, in which the symp- 
toms were those of dysentery, aud the large intestine was found acutely 
inflamed, while the small one was little affected. The kidueja had the 
same appearance as in Bright's disease.* The smallest fatal dose given 
by Taylor is from two drachms, which killed a cliild aged 13 years. 
Should the dose of uitric acid be insufficient to kill at once, or, whifr 
amounts to the same thing, should the acid he immediately diluted with'- 
water, or in some way be neutralized, the patient, as in the ease of flul« 
■ phuric acid, may yet die at a variable future time from stenosis of th» 
gullet, impaired digestion, &c. For example, in an interesting case ra- 
lated by Tartra,t a woman, who had swallowed 43 grms. {1-5 oz.) of 
nitric acid, feeling acute pain, took immediately a quantity of water, and. 
three hours afterwards was admitted into hospital, where she received ap' 
propriate treatment. At the end of a month she left, believing heraelt 
cured ; but in a little while returned, and wasre-adniitted, suffering from 
marasmus, extreme weakness, and constant vomiting ; ultimately 
died. The ftost-morlem examination revealed extreme contraction of the 
intestinal canal throughout. The lumen would hardly admit n penholder. 
The stomach was no larger than an ordinary intestine, and adherent t9 
adjacent organs ; on its internal surface there were spots, i)robably dc*-. 
trices ; there were also changes in the gullet, but not so marked. A- 
somewhat similar case is related by the same author in his tliirteenth ob^ 
Eeiwation. 

Post-mortem Appearances. — The pathological changes in the tongue^ 
gullet, and stomach can be readily studied from the preparatione in th»^ 
different museums. The staining by the nitric acid appears unchanged' 
to the naked eye for many years ; hence, most of the nitric acid prepiir»>: 
sions are in an excellent state of preservation. A very good example irf. 
the pathological changes is to be found in Nob. 1049 and 1060, UnivBTf; 
sity College museum. 

No. 1049 presents tlie tongue, pharj-nx, and larynx of a man whB 
had swallowed a teacupful of nitric acid. The epithelium of the cesophsr 
gus is for the most part wanting, and hangs in shretls ; the dorsum rf 
the tongue, in front of the circumvallate papilla, is excavated, and over 
its central part superficially ulcerated : in other places the tonpie is en- 
cmsted with a thick, loose, fawn-coloured layer, formed probably of dea- 

* De ActionHmt gjitbutdam Acidi Xitrici Catistico in Corpus Humanut 
mim. Programma Aeadem Lipaiie, 1857, 4. | Op at. 
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qnanated epithelium. The whole of the mucous surface is stained of a 

dirty yellow. 

No. 1,050 is a preparation showing the tongue, gullet, and stomach 
of a person who died from the effects of nitric acid. The tongue in 
places is smooth and glazed ; in others, slightly depressed and excavated. 
On the anterior wall and lower portion of the gullet two large sloughs 
exist. 

Although perforation of the stomach is not so common with nitric as 
ith sulphuric acid, such an accident may occur, as shown in a prepara- 
lon at Guy'a Hospital, in which there is a.perforation at the cardiac end. 
the mucous membrane has disappeared, and the inner soi-face is for 
most part covered with floctulent shreds. Three ounces of nitric 
tid are said to have been swallowed, and the patient lived seventeen 
mrs. There is the usual stainiug. 

In St. Bartholomew's museum, there is a very good specimen (No. 

,870) of the appearances in the gullet and stomach after poisoning by 

nitric acid. The case ia detailed iu St. Bartholomew's Hospital reports, 

vol, v., p. ;?i47. A male died iu fifteen hours after swallowing one ounce 

of nitric acid. The whole mucous membrane is wrinkled, or rather 

toughed, into longitudinal furrows ; the yellow discoloration stops ab- 

plly, with an irregular border, at the commencement of the stomach, 

lihe epithelial and mucous coats of which are wanting — its surface being 

rough and of a brownish-red colour. 

The following preparations ore to be found in the museum of the 
London Hospital: — A. c. 1. and A. b. 8. — A. c. 1, shows the pharynx, 
CBSophagus. laryns, and stomach of a young woman, who, after taking 
half an ounce of nitric acid, died in eight hours. The staining is very 
intense ; as an unusual feature it may be noted that the ]ar)-nx is almost 
83 yellow as the offsophagiis. The abrasion or solution of the epithelium 
on the dorsum of the tongue has dissected out the cireumvallate and 
fungiform papillae, so that they project with unusual distinctness. The 
lining membrane of the gullet throughout is divided into minute 
squares by longitudinal and transverse furrows. The mucous membrane 
of the stomach appears wholly destroyed, and present* a woolly appear- 






A. b. 8. shows a very perfect cast of the cesophagus. The case was 
At of a woman, aged 35. who swallowed half an ounce of nitric acid. 
The aymptoms for the firet four days were the usiial pain in the throat 
and stomach, which might be expected ; the bowels were freely open, 
and the stools dark and offensive. On the sistb day, there was constant 
vomiting with offensive breath ; on the ninth, the apiwarance of the 
patient was critical, and she threw up the cast preserved. She died on 
the tenth day after the taking of the acid. The gullet, stomach, trachea, 
■nd larynx were found after de.ith much inflamed, 
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Tho following prcparutions are in St. Thomas' Hospital : — P. 6, 
stomach with gullet attached. The atomach is covered with yellowish* 
green patches of false membrane and deposit ; the gullet baa the usual 
longitudinal furrows so characteristic of eorrosivis fluids. 

P. 6. is also from a case of nitric acid poisoning. It showa the lin 
ing membrane of tlie stomach partly destroyed and shreddy, yet 
little discolored, the hue being a sort of delicate fawn. 

Detection and Eslimatiun of Nitric Acid. — The detection either ojl 
free nitric acid or of its salts is not difficult. Free nitric acid, after pr* 
liminary estimation of the total acidity by dectnormal soda, may bl 
separated by the quinine process given at page 06. On precipitation oj 
the quinine by ammonia or soda solution, the nitrate of ammo 
Boda (and, it may be, other similarly combined acids) remain in solatio]V-' 
If free nitric acid is present in small quantity only, it may be Deo 
cessary to evaporate the filtrate from tlie quinine nearly to dryness, and 
to teat the concentrated liquid for nitric acid. The ordinary testa are 
follows : — 

(1.) Nitrates, treated with mercury or copper and strong snlphnrie 
acid, develop nitric oxide, recogniaed by red fumes, if mixed with air or 
oiygen. 

{2.) A nitrate dissolved in a small quantity of water, with the addi- 
tion of a crystal of ferrous sulphate (allowed to partially dissolve), and 
then of strong sulphnrtc acid — poured through a funnel with a lony 
tube dipping to the bottom of the teat tube, so as to form a layer at thft 
bottom— strikes a brown colour at the junction of the liquid. When th» 
test is properly performed, there will be three layers— the uppermost be- 
ing the nitrate solution, the middle ferrous sulphate, and the lowest 
sulphuric acid ; the middle layer becomes of a smoky or black hue, if a 
nitrate is present. Organic matter interferes much with the reaction. 

(3.) Nitrates in solution, treated in the cold with a zinc copper 
couple, are decomposed first into nitrites, and then into ammonia. Th» 
nitrites may be detected by a solution of meta-phenyldiamine, which 
strikes a red colour with an infinitesimal quantity. Hence a solution 
which gives no red colour with meta-phenyldiamine, when submitted to 
the action of a zinc copper couple, and tested from time to time, cannot 
contain nitrites ; therefore no nitrates were originally present. 

(4) Nitrates, on being treated with strong sulphuric acid, and then 
aaolution of indigo -carmine dropped in, as described in vol. i. "Foods, " 
p. 521, is also a very useful test — not conclusive in itself, but readilf 
applied, and if the quinine method of separation has been resorted to, 
with few sources of error. 

There is a process of separating nilric acid direct from any OT^;uiio 
tisane, which may sometimes be useful :— Place the substance in'a strong 
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Tide-month ed Saek, closed by a caoutchouc cork, and in the floEk put a 
email, abort teat-tube, charged with a strong Bolution of ferrous chloride 
in hydrochloric acid. The flask is connected to the mercury pump 
(fig. 8, p. 51), and made perfectly vacnoiia by raising and lowering the 
reservoir. When this is effected, the tube SS'P is adjusted so as deliver 
any gas evolved into a eudiometer, or other gas-meaeuring apparatus. 
By a suitable movement of the fiuek, the acid ferrous chloride is allowed 
to come in contact with the tissue, a gentle heat applied to the flask, 
and gases are evolved. These may be carbon dioxide, nitrogen, and 
nitric oxide. On the evolution of gas ceasing, the carbon dioxide is ab- 
sorbed by passing up under the mercurj* a little caustic potash. When 
absorption is complete, the gas, consisting of nitrogen and nitric oxide, 
may be measured. A bubble or two of oxygen is now passed into the 
eudiometer ; if nitric oxide is present, red fumes at once develop. On 
absorbing the excess of oxygen and the nitric peroxide by alkaline pyro- 
gallate, and measuring the residual gas, it is easy to calculate how much 
nitric oxide was originally present, according to the principles laid down 
in vol. i. of the present work, p. 533. 

It is also obvious that, by treating nitric oxide with oxygen, and 
absorbing the nitric peroxide present by an alkaline liquid of known 
strength and free from nitrates of ammonia, the resulting solution may 
be dealt with by u zinc copper couple, and the ammonia developed by the ■ 
action of the couple directly estimated by titration by a deciuormal 
hydrochloric acid, if large in quantity, or by " nesslerising," if small in 
quantity. Crum's method of estimating nitrates (vol. i., p. 620) in the 
cases of minute stains on fabrics, Ac, with a little modification, may be 
occasionally applicable. 



TV.— AMMONIA. 



Ammonia (NH,) is met with either as a vapour or gas, or as a solu- 
tion of the pure gas in water ; the gas may also be found as a liquid. 

Properties. — Pure ammonia gas is colourless, with a strong, irrita- 
ting, pungent odour, forming white fumes of ammonic chloride, if ex- 
posed to hydric chloride vapour, and turning red moist litmus paper 
strongly blue. By intense cold, or by a pressure of (i^i atmospheres at 
the ordinary temperature, the gaa is readily liquefied : the liquid ammo- 
nia boils at 38°; its observed specific gravity is '731 ; it freezes at — 57'1°. 
Ammonia is readily absorbed by water ; at 0° water will take up 1,000 
times its own volume, and at ordinary temperatures about 600 times its 
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volume. Alcohol also absorbs about 10 per cent. Ammonia is a strong 
buse, and forma a number of Halts. Ammonia is one of the constant 
proiluctB of the putrefaction of nitrogenous substances ; it exists in the 
atmosphere in small proportions, and in everything that contains w&ter. 
Indeed, water is the only compound eqaai to it in its universality of dif- 
fusion. The minute quantities of ammonia thus diffnsed throughout 
nature are probably never in the free state, but combinations of ammo- 
nia with hydric nitrate, carbon dioxide, &c. 

Paes.* — A solution of ammonia in water has many a 
the arts and industries ; it is used in medicine, and is an indispenaable 
laboratory reagent. 

The officinal eaustic preparations of ammonia are — ammimia liquor 
fortior (strong solution of ammonia), which should contain 33-o percent, 
of ammonia, and liave a specific gravity of -891. 

Liquor a inmonim (solution of ammonia), specific gravity -959, and 
containing 10 per cent, of ammonia. There is also a Uiiiment of amnuh 
nia, composed of olive-oil 3 parts, and ammonia 1 part. 

Strong solution of ammonia is an important ingredient in the " ft'n- 
imenlum camphora composifa (compound liniment of camphor), the 
composition of which is as follows : camphor, 2'5 parts ; oil of lavender, 
■125 ; strong solution of ammonia, 6*0 ; and rectified spirit, 15 partB, 
Its content of strong solution of ammonia is then about 32'6 per cent. 
(eqnivalent to 7-3 of NIIj).! 

Tlie Carbonate of Ammonia is also caustic ; its formula is probably 
(NH.) ,C0,+2(NH„ HC0,)+2n,0. It is In the form of colourless, 
crystalline masses ; the odour is powerfully ammoniacal ; it is strongly 
alkaline, and the taste is acrid. It completely volatilises with heat, is 
soluble in water, and somewhat soluble in spirit. 

The officinal preparation is the " sptriiiis ammonim aromalicus," or 
aromatic spirit of ammonia. It is made by distilling ammonic carbon- 
ate, 8 parts ; strong solution of ammonia, i parts ; rectified spirit, 120 
parts ; water, 60 parts ; volatile oil of nutmeg, 5 parts ; and oil of lemon, 
'75 part. The distillation is stopped when 140 parts have distilled orer; 
it hence follows that the aromatic spirit of ammonia is a solution of 
neutral carbonate, flavoured with oil of lemos and nutmeg in a Teak 
spirit. 

• Dr. W. B. Richardson has shown that ammonia poeseases powerful onti' 
septic properties.— Bri(. Med. Journal, 1863. 



+ Tliere is a common liniment for horses used in stables, and popnlaily 
known aa "white-oil." It contains 1 pnit of ammonia and 4 parts of olive or 
rape-oil ; not imfretjuently turpentine is adJed. Another veterinary liniment, 
called " egg-oil," contaiia ammonia, oil of origanum, turpentine and the yelka 
of eggs. 



Smelling Salts {sal volatile) are composed of carbonate of ammonia. 

Stiitiatics. — Falck has found throughout literature, notices of thirty 
cases of poisoning by ammoniii, or some of its preparations. In two of 
these it was used as a poison for the purpose of murder, and in eiglit with 
fluicidal intent : the remainder were all accidental. The two criminal 
cases were those of childreu, who both died. Six out of eight of the 
euicidol, and twelve of the twenty accidental cases, also terminated 
fatally. Ammonia occupies, in order of frequency, about the thirteenth 
place of all poisons in England at the present time. 

Poisoning by Ammonia Vapour. — Strong ammoniacal vapour is. 
fatal to both animal and vegetable life. There are, however, but few in- 
stances of poisoning by ammoniu vapour, and the few cases which have 
occnrred have been, without exception, the result of accident. Two cases 
of death are recorded, due to an attempt to rouse epileptics from stupor, 
by an injudicious use of strong ammonia applied to the nostrils. In 
another case, when hydrocyanic acid had been taken, there was the same 
result. An instance is also on record of poisonous effects from the break- 
ing of a bottle of ammonia, and the sudden evolution in this way of an 
enormous volume of the caustic gas. Lastly, a man employed in the 
manufacture of ice, by means of the liquefaction of ammonia (Carre's 
process), breathed the vapour, and had a narrow escape tor his life, 

Sj/mploms. — The symptoms observed in the last case may well serve 
as a type of what may be expected to occur after breathing ammonia va- 
pour. The man remaineti from five to ten minutes in the stream of gas ;, 
he then experienced a feeling of anxiety, and a sense of constriction in 
the epigastrium, burning in the throat, and giddiness. He vomited. 
The pulse was small and frequent, the face pale, the mouth and throat 
fltrongly reddened, with increased secretion. Auscultation and percus- 
sion of the chest elicited nothing abnormal, although during the course 
of four days he had from time to time symptoms of snilocation, which 
were relieved by emetics. He recovered by the eighth day,* 

In experiments on animals, very similar symptoms are produced. 
There is increased secretion of the eyes, nose, and mouth, with redness. 
The cry of cats becomes remarkably hoarse, and they generally vomit. 
Great difficulty in breathing and tetanic convulsions are present. When 
the animal is confined in a small closed chamber, death takes place in 
about a quarter of an hour. 

On secfinn, the bronchial tubes, to the finest ramifications, are found 

to be filled with a tenacious mucous, and the air passages, from the glottis 

^roughout, reddened. The lungs are emphysematous, but have not 

L always any special colour ; the heart contains but little coagulated blood ; 

^fhe blood has a dark-red colour. 

• Schmidt's Jakrbveh, 1872, i.. S. 80. 
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The chronic effects of the gaa, as Bhown in workmen engaged in 
manufactures in which the fumes of ammonia are frequent, appear to be 
an inflammation of the eyes and an affection of the skin. The latter u 
thought to be due to the ammonia uniting to form a soap with the oil of 
the lubricating skin glands. Some observers have also noticed dea&ess, 
and a peculiar colour of the skin of the nose and forehead, among those 
who work in guano factories. Its usual action on the body appears to be 
a diiuinutiou of the healthy oxidation changes, and a general lowering of 
bodily strength, with evident anaemia. 

Ammonia in Solution. — Action on P/Bn(s.— Solutions of strong 
ammonia, or solutions of the carbooate, act injuriously on vegetable life, 
while the neutral salts of ammonia are, on the contrary, excellent man- 
ures. A 30 per cent, solution of ammonic carbonate kills most planu 
within an hour, and it is indifferent whether the whole plant is watered 
with this solution, or whether it is applied only to the leaves. If, after 
' this watering of the plant with ammonic carbonate water, the injurioui 
salt is washed out as far as possible by distilled water, or by a weakly 
acidulated fluid, then the plant may recover, after having shed more or 
less of its leaves. These facts sufficieutly explain the injurious effect! 
noticed when urine is applied direct to plants, for urine in a very short 
time becomes essentially a solutiou of ammonic carbonate. 

Action on Human Beings and Animal Life.— The violence of the 
action of caustic solutions of ammonia almost entirely depends on the 
state of concentration. 

The local action of the strong solution appears to be mainly the ex- 
traction of water and the saponifying of fat, making a soluble soap. On 
dehcato tissues it has, therefore, a destructive action ; but S, Samuel* 
has shown that ammonia, when applied to the unbroken epidermis, doea 
not have the same intense action as potash or soda, nor does it coagulate 
albumen. Blood, whether exposed to ammonia gas, or mixed with eolu- 
tion of ammonia, becomes immediately dark-red ; then, later, through 
destruction of the blood corpuscles, very dark, even black : lastly, a dirty 
brown-red. The oxygen is expelled, the hsemoglobin destroyed, and ths 
blood corpuscles dissolved. 

The albumen of the blood is changed to alkali -albuminate, and the 
hlood itself will not coagulate. A more or less fluid condition o£ the 
blood has always been noticed in the bodies of those poisoned by am- 



Blood exposed to ammonia, when viewed by the spectroscope, shows 
the spectra of alkaline haematin, a weak absorption-baud, in the neigh- 
borhood of D ; but if the blood has been acted on for some time by am-' 

• Virehow'B Arthivf. iWA. AfMt. Bd. fil, Hft 1 u. 2. 8. 4L. 4c., 187a 
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mooia, then all abBorption-banda vanish. Those spectra, however, arc 
not pecuiiiir tu ammouia, the actiou of cuustJc potash or .soda being simi- 
laj. The muBclea are excited by anuiionia, the function of the nerves 
are deGtrojcd. 

When a solution of strong ammonia ia swallowed, there are two main 
effects — (1) the action of the ammonia itself on the tissues it comes into 
contact with, and (2) the effects of the vapour on the air-passages. 
There are, therefore, immediate irritation, redness, and Bwelling of the 
tongue and phar}'nx, a burning pain reaching from the mouth to the 
,fltoniach, with vomiting, and ii may be, neryous symptoma. The saliva 
ia notably increased. In a case reported by FonsHagrives,*no less than 
threu litres were expelled in the twenty-four houre. Often the glande 
Tinder the jaw and the lymphatics of the neck are swollen. 

Doses of from 5 to 3(' grammes of the strong solution of ammonia 
may kill as quickly as prussic acid. In a case recorded by Cbristison,! 
death occurred in four minutes from a large dose, doubtless partly by 
suffocation. As sudden a result is alao recorded by Plenk ; a man, bit- 
ten by a rabid dog, took a mouthful of spirita of ammonia, and died in 
four minutes. 

If death does not occur rapidly, there may be other symptoms — 
dependent not upon its merely local action, but upon its more remote 
effects. These mainly consist in an excitation of the brain and spinal 
cord, andj Inter, convulsive movements deejiening into loss of conacioua- 
nesB. It has been noticed that, with great relaxation of the muscular sys- 
tem, the patients complain of every movement causing pain. With these 
general symptoma added to the local injury, death may follow many days 
after the swallowing of the fatal dose. 

Death may also occur simply from the local injury done to the 
throat and larynx, and the patient may linger some time. Thus, in a 
caae tjuoted bv Taylor.J in which none of the poison appears actually to 
have been sw.allowed. the man died nineteen days after taking the poison 
from inflammation of the throat and larynx. As with the strong acids 
BO with ammonia and the alkalies generally, death may also be caused 
many weeks and even months afterwards, from the effects of contraction 
<a the gullet, or from the impaired nutrition consequent upon the 
■^ertruction, more or less, of portions of the stomach or intestinal canal. 

Posf-mor/em Appearancen. — In recent cases there is an intense red- 
ness of the intestinal canal, from the month to the stomach, and eveu 
beyond, with here and there destruction of the mucous membrane, and 

•rPmon MidifcOe. 1867, No 18, p 49. No. 32, p. 80. 
< tChristiaoD. 167. 

"Prindpleeof Jarlgprndence."!.. p- 88B. 
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even perforation. A wax preparation in the mnseum of Univeraity Collegs 
(No. 2,378) shows the effects on the etomach produced by swallowing 
strong ammonift ; it is aslien-grej in colour, and most of the mucous 
membrane is, as it were, dissolved away ; the cardiac end is much con- 
gested. 

The contents of the stomach are usnally coloured with blood ; thft 
bronchial tubes and glottis are almost constantly found inflamed,— even 
a croup-like (or diphtheritic) condition has been seen. (Edema of the 
glottis should also be looked for : in one case this alone seems to have 
accounted for death. The blood is of a clear-red colour, and fluid. A 
smell of ammonia may be present. 

If a snfflcieiit time has elapsed for secondary effects to take place, 
then there may be other appearances. Thus, in the case of a, girl who, 
falling into a fainting fit, was treated with a draught of undiluted spirits 
of ammonia, and lived fonr weeks afterwards ; the stomach (preserved in 
St. George's Hospital museum, 43 b, ser. ix.) is seen to be much dilated 
and covered with cicatrices, and the pylorus is bo contracted as hardly to 
admit a small bougie. It has also been noticed that there is generally a 
fatty degeneration df both the kidneys and liver. 

It need scarcely he observed that, in such cases, no free ammonia will 
be found, and the qaestiou of the cause of death must necessarily be 
wholly medical and pathological. 

Separation of Ammonia —Ammonia is separated in all casea by dis- 
tilhition, and if the organic or other liquid is already alkaline, it is at 
once placed in a retort and distilled. If neutral or acid, a little burnt 
magnesia may be added until the reaction is alkaline. It is generally 
laid down that the contents of the stomach in a putrid condition cannot 
be examined for ammonia, because ammonia is already present as a pro- 
duct of decomposition ; but even under these circumstances it is possible 
to give an opinion whether ammonia in excess is present. For if, after 
carefully mixing the whole contents of the stomach, and then drying i 
portion and reckoning from that weight the total nitrogen (considering 
for this purpose, the contents to consist wholly of albumen, which yields 
about 16 per cent, of nitrogen) — under these conditions, the contents of 
the stomach yield more than 16 per cent, of nitrogen as ammonia reck- 
oned on the dry substance, it la tolerably certain that ammonia not de- 
rived from the food or the tissues is present. 

If, also, there is a sufficient evolution of ammonia to cause white 
fumes, when a rod moistened with hydrochloric acid is brought near to 
the liquid, this is an effect never noticed with a normal decomposition, 
and renders the presence of extrinsic ammonia probable. 

An alkaline-reacting distillate, which gives a brown colour with the 
"nessler" reagent, and which, when carefully neutralised with sul- 
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phuric acid, on evaporatioc to dryness by the careful heat of a wnter- 
bath, leaves a cryataliino mass that givoa a cypioua precipitate with 
platioic chloride, but is hardly at all eoluble in absolute alcohol, can l>o 
no other substance than ammonia. 

Sstimation. — Ammonia is most quickly estimated by distilling, 
receiving the distillate in decinormal acid, and then titrating back. It 
may also be estimated as the double chloride of ammonium and platinum 
(NH,CI),1"C1.. The distillate is exactly neutralised by HOI. evaporated 
to near dryness, and an alooholie solution of platinic chloride added in 
sufficient quantity to be always in slight excess, as shown by the yellow 
colour of the supernatant fluid. The precipitate is collected, washed 
with a little alcohol, dried, and weighed on a tared filter ; 100 parts of 
the salt are equal to 8'C of NH,. 
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v.— CAUSTIC POTASH AND SODA. 

There is so little difference in the effect* produced by potash and 
soda respectively, that it will be convenient to treat'them together, 

Polaiih (potassa tflHaiica).— Hydrate of potassium (KHO), atomic 
veight 56, specific gravity, 2'1. 

Properties. — Pure hydrate of potassium is a compact, white solid, 
usually met with in the form of sticks. When heated to a temperature 
a little under redness, it melts to a nearly colourless liquid ; in this state 
it is intensely corrosive. It rapidly absorbs moisture from the air, and 
moist potash also ahsorha with great avidity carbon dioiide ; it is power- 
fully alkaline, changing red litmus to bine. It is soluble in half its 
weight of cold water, great heat being evolved during solution ; it forms 
two definite hydrates— one, KHO+H,0 ; the other, KHO-f aU,0. It is 
sparingly soluble in ether, but is dissolved by alcohol, wood-spirit, fusel 
oil, and glycerine. 

Pkarmaceulical Preparations. — Potassium hydrate is officinal in all 
phannacopceias, as well as the solution of potash. The liquor polassa, 
ia eolation of pot&sh, of the British Pharmacop<eia, is a strongly alka- 
line, caustic liquid, of 1058 specific gravity, and containing 15'34 per 
cent, by weight of KHO. It should, theoretically, not effervesce, when 
treated with an acid, but its affinity for CO, is so great that all solutions 
of potash, which have been in any way exposed to air, contain a litflo 
carbonate. Caustic sticks of potash and lime used to be officinal in the 
British Pharmacopteia. Filho'e caustic is still in commerce, and is made 
by melting together two parts of potassium hydrate and one part of lima 
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in an iron ladle or vasael ; the melted mass is now moulded by pouring it 
into leaden moulds. 

Carbonate nf Potash (K,C0,+2H,0), when pure, ia in the form of 
Bmall white crystalline grains, alkaline in taste and reaction, and r&pidly 
deliquescing when exposed to moiat air ; it giTes all the chemical 
reactions of potassium oxide, and carbon dioxide. Carbonate of jmtaeh, 
under the name of salt of tartar, or potashes, is sold by oilmen tot 
cleansing purposes. They supply it either in a fairly pure state, or as a 
darkish moist mass containing many impurities. 

Bicarbonate nf Potash (KHCO,,) is in the form of large, transpar- 
ent rhombic prisms, and is not deliquescent. The effervescing solution 
of [wtash {liquor potasam effervescens) consists of thirty grains of 
KHCO, in a pint of water {1'42 grm. per litre), and as much COi as the 
water will take up under a pressure of seven atmospheres. 

Caustic Soda. — Sodium Hydrate (NaHO). — This substance is a 
white solid, very similar in appearance to potassium hydrate ; it absorbs . 
moisture from the air, and afterwards carbon dioxide, becoming solid 
again, for the carbonate is not deliquescent. In this respect, then, 
there is a great difference between potash and soda, for the former is 
deliquescent both as hydrate and carbonate ; a stick of potash in a 
semi-liquid state, b'y exposure to the air, continues liquid, although 
saturated with carbon dioxide. Pure sodium hydrate has a specific 
gravity of 2'0; it dissolves in water with evolution of heat, and the 
solution gives all the reactions of sodium hydrate, and absorbs carbon 
dioxide as readily as the corresponding solution of potash. The hqvor 
soda of the B. P. should contain 4'1 per cent, of NaHO, 

Soda Carbona.t {carbonate of soda), (NaiCOjlOHjO), — The pure 
carbonate of soda for medicinal use is in colourless and transparent 
rhombic octahedrons : when exposed to air, the crystals efBoresce and 
crumble. The sodtd carbonas exsiccala, or dried carbonate of soda, is 
simply the ordinary carbonate, deprived of its water of crystallisation, 
which amounts to C2'93 per cent. 

Bicarbonate of Soda (NaHCO,) occurs in the form of minnte 
crystals, or, more commonly, as a white powder. The liquor soda effer- 
vescens of the B, P, is a solution of the bicarbonate, 30 grains of thfl 
salt in 25 ounces of water {3-42 grms, per litre), the water being charged 
with as much carbonate acid as it will hold under a pressure of seTes 
atmospheres. Th^ bicarbonate of Soda lozenges (trochisci sodm bicarbon- ' 
atis) contain in each lozenge five grains ("342 grm.) of the bicarbonate: 
The carbonate of soda sold for household purposes is of two kinds — ^the 
one. " seconds," of a dirty-white colour and somewhat impure ; the 
other, "beat," is a white mass of much greater purity, JaveUe waier 
(Eav, de Javelle) is a solution of hypochlorite of soda ; its action is poi* 
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sonoTia, more from the caTistic alkali than from the chlorine, and may, 
therefore, be here included. 

Stalis/ics. — Poiaoniug by the fixed alkalies ia not bo frequent as poi- 
soning by ammonia. Falck has collected, from medical literature, 
twenty-seven cases, two of which were the criminal administering of Sail 
deJavHU, and five were suicidal ; 33, or 81-5 per cent, died — in one of 
the cases after twenty-four hours ; in the others, life was prolonged for 
dayB, weeks, or months — in one case for twenty-seven months. 

Effeds OH Animal and Vegelable Life. — The fixed alkalies destroy all 
vegetable life, if appbed in strong solution or in substance, by dehydra- 
ting and dissolving the tissues. The effects on auimal tisanes are, in 
part, due alao to the affinity of the alkalies for water. They extract 
water from the tissues with which they come in contact, and also attack 
the albuminous constituents, forming alkali -albuminate, which swells on 
the addition of water, and, in a large quantity, even dissolvoa. Cartila- 
ginous and horny tissues are also acted upon, and strong alkalies will 
dissolve hair, silk, &c. The action of the alkali is by no means re- 
stricted to the part first touched, but has a remarkable faculty of spread- 
ing in all directions. 

Local Effects. — The effects of strong alkali applied to the epidermis 
are similar to, but not identical with, those produced by strong acida. 
8. Samuel* haa studied this experimentally on the ear of the rabbit ; a 
drop of a strong solution of caustic alkali, placed on the ear of a white 
rabbit, caused stasis in the arteries and veins, with first a greenish, then 
B black colour of the blood ; the epidermis was bleivched. the hair loosen- 
ed, and there quickly followed a greenish coloration on the back of the 
ear, opposite to the place of application. Around the burnt spot ap- 
peared a circle of anastomising vessels, a blister rose, and a alough eepar- 
ftted in a few days. The whole thickness of the ear was coloured yullow- 
ish-green, and, later, the spot became of a rusty-brown. 

St/mptoms. — The symptoms observed when a person has swallowed a 
dangerous dose of canstic (fixed) alkali are very similar to those noticed 
with ammonia, with the important exception that there is no respiratory 
trouble, unless the liquid has come into contact with the glottis ; nor has 
there been hitherto remarked the rapid death which has taken place in 
a few ammonia poisonings, the shortest time hitherto recorded being 
three hours as related by Taylor, in a case in which a boy had swallowed 

I three ounces of a strong solution of carbonate of potash. 
There is instant pain, extending from the mouth to the stomach, a 
persistent and unpleasant taste ; if the individual is not a determined 
Hoicide, and the poison (as is mostly the case) has been taken accidentally. 



• Virehow'B AreMv. f. Path. Anat. Bd. 51, Hft. 1 n. 2, 1870. 
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the liquid is immediately ejected as much aa ixjaaible, and vater, or otlw 
liquid at hand, drunk freely. Shook may at once occur, and the pati 
die from collapse ; but this, even with frightful destruction of tiwufv 
appears to be rare. Vomiting supervenes ; what is ejected is strouj 
alkaline, and streaked with blood, and has a soapy, frothy appearanoA, 
There may be diarrhtea, great tenderness of the abdomen, and quick 
pulse and fever. With caustic potash, there may be also noticed iti 
toxic effects (apart from local action) on the heart ; the pulse, in tbit 
ease, is slow and weak, and loss of consciousness and convulsions are not 
uncommon. If the collapse and after-inflammation are recovered fTom, 
then, as in the case of the mineral acids, there is all the horrid aequenoii 
of symptoms pointing to contractions and strictures of the gullet or 
pylorna, and the aubsequent dyspepsia, difficulty of swallowing, and not 
nnfrequently actual starvation. 

Pod-morlem Appearances. — In cases of recent poisoning, spota on 
the cheeks, lips, clothing. &c., giving evidence of the contact of th( 
alkali, should be looked for ; but this evidence, in the case of personi 
who have lived a few days, may be wanting. The raucous membrane of 
the mouth, throat, gullet, aud Rtomach is generally more or less whilfr- 
here and there denuded, and will be found in various stages of iuflamn* 
tion aud erosion, according to the amount taken, and the concentratioa 
of the alkali. Where there is erosion, the haae of the eroded partsil- 
not brown-yellow, but, as a rule, pale-red. The gullet is most affected 
at its lower part, and it is this part which is mostly subject to etrictu» 
Thus Bohm* found that in eighteen cases of contraction of the gnllrt 
collected by him, ten of the eighteen showed the contraction at the lows 
third. 

The changes which the stomach may present if the patient li» 
lived some time, are well illustrated by a preparation in St. George's 
museum (43 a. 204, ser. is.). It is the stomach of a woman, aged 4V 
who had swallowed a concentrated solution of carbonate ot potash. 81* 
Vomited immediately after taking it, and lived about two months, diil» 
ing the latter part of which she had to be nourished by injections. SlUI 
died mainly from starvation. The gullet in its lower part ia seen toW 
much contracted, its lining membrane destroyed, and the muscular ci 
exposed. The coats of the stomach are thickened, but what chieftj 
arrests the attention is a dense cicatrix at the pylorus, with an apertu**! 
so small as only to admit a probe. 

The colour of the stomach is generally bright-red, but in that of * 
child, preserved in Guy's Hospital museum {No. 1798"), the mncot*' 
membrane is obliterated, the rogie destroyed, and a dark-brown stain *f 



• Central Blattfur dit Med. Wiis. 1874. 
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• noticeable feature. The stomach is not, however, necessarily affected. 
In u preparation in the same musuiim (No. 1798") the mucoua memhrane 
of the stomach of a child who BwaUowed soap-leea, is seen to be almost 
healihy, but the gullet is much discoloured. 

The action on the blood is to change it into a gelatinous mass ; the 
blood corpuscles are destroyed, and the whole colour becomes of a dirty 
blackish-red ; the spectroscopic appearances are identical with those 
Already described (see p. 88). The question aa to the effects of chronic 
poisoning by the alkalies or their carbonates may arise. Little or nothing 
is, however, known of the action of considerable quantities of alkalies 
taken daily. In a case related by Dr. Tunstall,* a man for eighteen 
years had taken daily two ounces of bicarbonate of soda for the ptirposc 
<»f relieving indigestion. Ho died suddenly, and the stomach was found 
extensively diseased ; but since the man, before taking the alkali, had 
complained of pain, &c., it is hardly well, from this one case, to draw 
any conclusion. 

Chemical Analysis. — The tests for potassium or sodium are too well 
known to need more than enumeration. The intense yellow flame pro- 
duced when a sodium salt is submitted to a Bunsen flume, and the 
bright Eodium-line at I> when Wewed by the Biiectroscopo, is a delicate 
tert; while potassium gives a dull-red band iu the red, and a faint but 
Tery distinct line m the violet. Potassium salts are precipitated by tar- 
taric acid, while sodium salts do not yield this precipitate; potassium 
salts iilso give a precipitate with platinic chloride insoluble in strong 
llcohol, while the compound salt with sodium is rapidly dissolved by 
[•Icohol or water. This fact is utilised in the separation and estimation 
i the two alkalies. 

Entimatinn of the Fixed Alkalies. — To detect a fixed alkali in the 
ontents of the stomach, a convenient process is to proceed by dialysis, 
d after twenty-four hours, to concentrate the outer liquid by boiling, 
id then, if it is not too much coloured, to titrate directly with a deci- 
Bnnnal sulphuric acid. After e.xact neutralisation, the liquid is evapor- 
*H te dryness, carbonised, the alkaline salts lixiviated out with water, 
tie BTilphnnc acid exactly precipitated by baric chloride, and then, after 
»epRration of the sulphate, the liquid treated with milk of lime. On 
filtration, the filtrate will contain aliralies only, and to make sure that 
^liis i» BO, a little carbonate of ammonia is added to see whether any pre- 
I cipitate is produced. The liquid may now be evaporated to dryness 
I'triih either hydrochloric or sulphuric acids, and the total alkalies 
T **l|!hed as snlphates or chlorides. Shonld it be desirable to know exact- 
I V 'he proportion of potassinm to sodium, it is best to convert the alka- 
"^ into chlorides — dry gently, ignite, and weigh; then dissolve in the 
• Med. Time*. Nov. W>. 1860. p. 504 
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ieaat posaible quantity of water, and precipitate by platinio chloride 
which should be added so as to be a little in excess, but not much. Tht 
liquid thus treated Is evaporated nearly to dryness, and then estractej 
with alcohol of 80 per cent., which dissolves out any of the doubli 
chloride of pktiuum and sodium. Finally, the precipitate ia collected 
on a tared filter and weighed, after drying at 100", In this way thi 
analyst both distinguishes between the Baits of aodium and potaesium^. 
and estimatf-H the relative quantities of each. It is hardly necessary ti 
observe that, if the double chloride ia wholly soluble in water or alcoh<dt 
sodium alone is present. This, however, will never occur in operatjnj 
on organic tissues and fluids, for both alkalies are invariably prosent. 
correction must be made when complex organic fluids are in thia w 
treated for alkalies which may be naturally in the fluid. Here t 
analyst will be guided by his preliminary titration, which gives the tott 
free alkalinity. In cases ivhere the alkali has been neutralised by acidj 
of course no free alkali will be found, but the corresponding salt. 



VI.— NEUTEAL SODIUM, POTASSIUM, AND AilMOKTUM 
SALTS. 

The neutral ealta of the alkalies are poiaonons, if administered itt 
eutlicicnt doses, and the poisonous effect of the sulphate, chloridfl^ 
bromide, iodide, tartrate, and citrate appears to depend on the specifi^i 
action of the alkali metal, rather than on the acid, or halogen in conirt 
bination. According to the recent researches of Dr. Ringer and Dt 
Harrington Sainsbury,* with regard to the relative toxicity of the thre 
aa shown by their effect on the heart of a frog — first, the potassium a; 
were found to eiert the most poisonous action, next come the a 
niura, and, lastly, the aodium salts. The highest estimate would b* 
that sodium salts aro only one-tenth as poisonous as those of ammoniatt 
or potassium ; the lowest, that the sodium salts are one-fifth : althoo^ 
the experimenta mainly throw light npon the action of the alkalies («■ 
one organ only, yet the indications obtained probably hold good for thi- 
organism as a whole, and ore pretty well borne out by clinicaj experieno* 

Sodium Salts, — Common salt in such enormous quantity aa half ft' 
pound to a pound has destroyed human life, but these cases are so exoef^, 
tional, that the poisonous action of sodium salts is of scientific rathtf 
than practical interest. 

Potassium Salts. — Leaving for future consideration the nitrate and 
* Lancet, June 24, 1883. 
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cliionite of potiisaiiim, potasaic Bulphate and tartrate are BubatanceB 
prhich have destroyed hutnaii Life. 

Polassic Sulphate {IC|SO,) is in the form of colourless rhombic crys- 
3, ot bitter saline taste. It is soluble in M jiarta of water. 

Hydropotassic Turtrale (KHOiHtOj), when pure, is in the form of 
ikombic crystals, tasting feebjy acid. It ia soluble in 210 parte of water 

t ir. 

S/atistics. — There appear to be fonr cases on record of poisoning 
f the neutral salts ; none of them belong to recent times, but lie be- 
tween the years lH37-lSo6, Hence, the main knowledge which we pos- 
eeai) of the poisonous action of the potassium salts is derived from experi- 
ments on aniuiala. 

Aelion on the Frog's Heart. — Both excitability and contractility are 
iffected to a powerful degree. There is a remarkable allowing of tlie 
' Mtions, irregularity, and. lastly, cessation of pulsation altogether. 
Action oil Warm Blooded Animals. — If a toxic solution of a potasfic 
E^t is injected into the blood-vessels of an animal, there is almost ininie- 
0iate death from arrest of the heart's action. >jmaller doses, subcnta- 
leousiy applied, produce slowing of the pulse, dyspncea, and convulsions, 
iding in death. 8mall doses produce a transitory diminution of the 
(brce of arterial pressure, which quickly passes, and the blood-pressure 
There is at first, for a few seconds, increase in the number of pul- 
ntious, but later a remarkable slowing of the pulse. The rise in the- 
l^ood-pressure occurs even after section of the spinal cord, somewhat 
rger doses cause rapid lowering of the blood-pressure, and apparent ces- 
p&tion of the heart's action ; but if the thorax be then open, the heart 
it seen to be contracting regularly, making some 120-160 rhythmic move- 
*inents in the minate. If the respiration be now artificially maintained, 
and suitable pressure made on the walls of the chest, so as to empty the 
heart of blood, the blood-pressure quickly rises, and natural respiration 
^jnay follow. An animal which lay 30 minutes apparently dead was in 
H|jbta way brought to life again (Bohm). The action of the salts of potas- 
^Hjjhim on the blood is the same as that of sodium salts. The blood ia 
^Kolonred a brighter red, and the form of the corpusck-s clianged ; they 
become shrivelled through loss of water. Voluntary muscle loses quick- 
ly its contractility when a solution of potash is injected into its vessels. 
Iterrea also, when treated with a 1 per cent, solution of potassic chloride, 

tome inescitable. 
EUmiiiotion. — The potassium salts appear to leave the body through 
kidneys, but are excreted much more slowly than the corresponding 
•odium salts. Thus, after injection of 4 grms. of potassic chloride — in 
the first sixteen hours 'V-iS grm. of KCl were excreted in the urine, and 
in the following twenty-four hours 2'677 grms. 



poisons: theik effects and detection. 

Nitrate of Potash {KSO,). — Pure potassic nitrate crystallises itt 
large anhjdrOQB hexagonal priaiiiB with dihedral summits ; it does not 
absoi-b water, and does not deliquesce. Its fusing point is about 340" j 
when melted it forms a transparent liquid, and loses a little of its oxygen, 
hut this is for the most part retained by the liquid to be given off when 
the salt solidifies. At a red-heat it evolves oxygen, and is reduced first 
to nitrite ; if the heat is continued, potassic oxide remains. The epeclfio 
gi'avity of the fused salt is 2'0(i. It is not very soluble in cold water, 
100 parts dissolving only 26 at IS-G" ; but boiling water dissolves it freely, 
100 parts dissolving 240 of the salt. 

A solution of nitrate of potash, when treated with a zinc couple (see 
vol. i., "Foods," p. 519), is decomposed, the nitrate being first reduced 
to nitrite, as shown by its striking a red colour with raetaplieaylene- 
diamine, and then the nitrate farther decomposing, and ammonia ap- 
pearing in the liquid. If the solution is alkalised, and treated with 
aluminium foil, hydrogen is evolved, and the same effect produced, 
with all nitrates, potassic nitrate, on being heated in a test tube with * 
little water, some copper filings, and sulphuric acid, evolves red fumes 
of nitric peroxide. 

Statistics. — Potassic nitrate, under the popular name of " nitrt," ia 
a very common domestic remedy, and is also largely used as a medicine 
for cattle. There appear to be twenty cases of potassic nitrate poisoning 
on record — of these, eight were caused by the salts having been aeeident- 
ally mistaken for magnesic sulphate, sodic sulphate, or other purgative 
salt ; two cases were due to a similar mistake for common salt. In one 
instance, the nitrate was used in strong solution as an enema, but most 
of the cases were due to the taking of too large an internal dose. 

Uses in the Arts, t&c. — Both sodic and potassic nitrates are called 
" nitre " by the public indiscriminately. Sodic nitrate is impon«d iu 
large quantities from the rainless district of Peru as a manure. Potas- 
sic ntirate is much used in the manufacture of gunpowder, in the pres- 
ervation of animal substances, in the mannfivcture of gun cotton, of sul- 
phuric and nitric acids, &c. The maximum medicinal dose of potaesium 
nitrate is usually stated to be 30 grains (1'9 grms.). 

Action of Nitrates of Sodium and Potassium. — Both of these 
salts are poisonous. Potassic nitrate has been taken with fatal re- 
sult by man ; the poisonous nature of sodic nitrate is established by 
experiments on animals. The action of the nitrates of the alkalies ia 
separated from that of the other neutral salts of potassium, &e.. because 
in this case the toxic action of the combined nitric acid plays no insig- 
nificant part. Large doses, 3-5 grms. (4<i ■3-?'i'3 grains) of potassic 
nitrate cause considerable uneasiness in the stomach and bowels : the 
digestion is disturbed ; there may be vomitingand diarrhcea. and there ia 
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generally present a desire to nrinate frequently. Still larger doses, 15-30 
grms. (331 ■5-463 grains), rapidly produce all the symptoms of acute gas- 
tro-enteritia — great paiu, frequent vomiting (the ejected matters being 
jtten bloody), with irregularity and slowing of the pulse ; weakness, cold 
iweata, painful cramps iu single muscles (especially in the calves of the 
; and, later, convulsions, aphonia, quick collapse, and death. 
In the case of a pregnant woman, a handful of " nitre" taken in 
Etistake for Glauber's salta produced abortion after Imlf-an-hour. The 
I woman recovered, Sodic nitrate enbcutaneously applied to frogs kills 
them, in doses of -036 grm. (-4 grain), in about two hours ; there are 
fibrillar twitchinga of single groups of ninscles and narcosis. The heart 
dies last, but after ceasing to beat may, by u stimulus, be made again to 
contract. Rabbits, poisoned similarly by sodic nitrate, exhibit also nar- 
cotic symptoms ; they lose consciousness, lie upon their side, and respond 
only to the sharpest stimuli. The breathing, as well us the heart, is 
" slowed," and death follows after a few spasmodic inspirations. 

Sodic nitrite was found by Barth to be a more powerful poison, less 

I than 6 mgrms. (■! grain) being sufficient to kill a rabbit of 465'5 grms. 

^M7'038 grains) weight when subcutaneously injected. The symptoms 

^nrere very similar to those produced by the nitrate. 

^P The post-mortem apj)earances from potassic nitrate are as follows : — 

Ad inflamed condition of the stomach, with the mucous membrane dark 

in colour, and readily tearing ; the contents of the stomach are often 

mixed with blood. In a case related by Orfila, there was even a small 

(perforation by a large dose of potassic nitrate, and a remarkable preserva- 
tion of the bodv was noted. 
It is believed that the action of the nitrates is to be partly explained 
by a reduction to nitrites, circnlating in the blood as such. To detect 
nitrites in the blood, the best method is to place the blood in a dialyser, 
the outer liquid being alcohol. The alcoholic solution may be evapo- 

tnted to dryness, extracted with water, and then tested by metaphen- 
Drlene-diamine. 
r Potassic Chlorate (EClO,). — Potassic chlorate is in the form of col- 
onrless, tabular crystals with four or six sides. About 6 parts of the salt 
are dissolved by 100 of water at 15°, the solubility increasing with the 
temperatnre, so that at 100° nearly CO parts dissolve ; if strong sulphuric 
acid be dropped on the crystals, jieroside of chlorine is evolved ; when 
rubbed with sulphur in a mortar, potassic chlorate detonates. When 
the salt is heated strongly, it first melts and then decomposes, yielding 
_#iygen gas, and is transformed into the perchlorate. K the heat is con- 
'"mued, this also Is decomposed, and the final result is potassic chloride. 
Uses. — Potassic chlontt« is largely used as an osidiser in calico print- 
;, and in dyeing, especially in the preparation of aniline black, A 
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considerable qaantity is conamned in the manufacture of lucifer matches 
and flreworka ; it is also a convenient source of oxygen. Detonators for 
exploding dynamite are mixtures of fulminate of mercury and potaasie 
chlorute. It is employed as a medicine both aa an application to inflamed 
mucous membranes, and for internal administration ; about 2,OU0 tons of 
the salt for these various purposes are manufactured yearly in the United 
Kingdom. 

PoUomus Propirties. — The facility with which potaggic chlorate 
parts with its oiygen by the aid of heat, led to its very eitensive employ- 
ment in medicine. Xo drug, indeed, has been given more reckleealy, or 
on a less scientific basis. Wherever there were sloughing wounds, low 
fevers, and malignant sore throats, especially those of a diplitheritic 
character, the practitioner administered potaagic chlorate in colossal doai'H, 
If the patient died, it was nscribed to the malignity of the disease — if he 
recovered, to the oxygen of the salt ; and it is possible, from the light 
which of recent years has been thrown on the action of potaasie chlorate, 
that its too reckless use has led to many unrecorded accidents. 

ExpertTtieHh on Aninials. — F. Marchand* has studied the effects of 
potassic chlorate on animals, and on blood. If cither potasaic chlorate or 
aodic chlorate is mixed with fresh blood, it shows after a little while pecu- 
liar changes ; the clear rod colonr at first produced passes, within a few- 
hours, into a dark red-brown, which gradually becomes pure brown. 
This change is producetl by a 1 per cent, solution, in from fifteen to six- I 
teuu hours; and a i per cent, solution at 15° destroys every trace of 
oiyhffimogiobin within four hours. Soon the blood takes a sj-rupy con- 
sistence, and, with a 3-4 per cent, solution of the salt, passeis inlo a I 
jelly-like mass. The jelly has much permanence, and resists putrcfac- I 
live changes for a long time. 

Marchand fed a dog of If kilos, in weight with 5 grmB. of potassio 1 
chlorate for a week. As there were no apparent symptoms, the do» ] 
was doubled for two days ; and ae there was still no visible effect, 60 grmo. ] 
of sodic chlorate were given lastly in 5 doses. In the following night I 
the dog died. The blood was found after death to be of a aepia-bmwa J 
colour, and remained unaltered when eriMjsed to the air. The organa 1 
were generally of an unnatural brown colonr ; the spleen was enormonsly ] 
enlarged ; the kidneys were swollen, and of a dark chocolate brrjwn— on 1 
section, almost black-brown, the colour being nearly oqnal. both in th« | 
substance and in the capsule. A microseopical examination of the kid- 1 
ney showed the canalicnli to be filled with brownish cylinders conairtinj | 
of altered blood. A spectroscopic examination of the blood showed woak f 
hemoglobin bands, and a narrow band in the red. With farther dilu- 
tion, the hffimoglobin bauds vanished, but the hand in the red remained. | 
• Virehow's Archivf. Path. Anut. Bd. 77. Hft. 8, S. 455. 1879. 
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The diluted blood, when espoaed to the light, still remBined of a coffee- 
brown colour ; and on shaking, a white-brown Iroth was produced on the 
surface. 

A second experiment, in which a hound of from 7-8 kilos, in weight 
■was given 3-5 gnn. doses of potasaic chlorate in sixteen hoars, and killed 
by bleeding seven to eight hours after the last dose, showed very similar 
appearances. The kidneys were intensely congested, and the peculiar 
brown colour was noticeable. 

Effects on Man. — I Und in literature thirty-nine oaees recorded, in 
which poisonous symptoms were directly ascribed to the action of chlorate 
of potassium; twenty-eight of these terminated faially. A quadruple 
instance of poisoning, i-ecorded by Brouardel and L'Hote,* illustrutes 
many of the points relative to the time at which the symptoms may be ex- 
pected to commence, and the general aspect of potasaic chlorate poison- 
ing. The " superiere" of a religious institution was in the habit of giv- 
ing, for charitable purposes, a potion containing 15 gnne. (3-8 drms.) 
of potaaaic chlorate, dissolved in 360 cc. (about 12)4 oz.) of a vegetable 
infusion. 

This potion was administered to four children — viz, David, aged 2J4; 
Cousin, 3}6 ; Salmont, Zj4 ; and Guerin, 2)4. David took the whole in 
two and a half hours, the symptoms commenced after the potion was fin- 
ished, and the child died five and a half hours after taking the first 
dose ; there were vomiting and diarrhcea. Cousin took the medicine in 
seven hours ; the symptoms also commenced after the last spoonful, and 
the death took place eight and a half hours from the first spoonful. The 
symptoms were mainly those of great depression ; the lips were blue, the 
pulse feeble, there was no vomiting, no diarvhtea. Salmont took the 
medicine in nine houi-s, and died in twelve. There was some diarrhoea, 
the stools were of a green colour. Guerin took the whole in two hours ; 
the symptoms commenced in four hours ; the lips were very pale, the 
gume blue. Death took place in four days. 

There was an autopsy in the case of David only. The stomach 
showed a large ecchymosis on its mucous membrune, as if it had been 
bnrnt by an acid ; the spleen was gorged with blood, and its tissue fria- 
ble ; the kidneys do not seem to have been thoroughly examined, but are 
said to have been tumefied. Potaseic chlorate was discovered by dialysis. 
In the cases of the children just detailed, the symptoms appear to be a 
mixture of the depressing action of the potassium, and irritant action of 
the chlorate. 

In adults, the main symptoms are those of nephritis, and the fatal 
dose for an adult is somewhere about an ounce (28 '3 grm.), but half this 

*^ Annales iFHggieiw publigiu. 1B81. p. 383. 
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quantity would probably be dangerous, eapeeially if given to a persodl 
who liad congestion or djaease of the kidneya. 
Dr. Jaeobi* gives the following cases. 

Dr. Fountain in 1858, experimenting on himself, took 29'3 grm& 
(9 drma.) of potassic chlorate ; be died on the seventh day from neph- 
ritia. A young lady swallowed 30 grms. (9 '3 drma.), when using it us 
gargle ; she died in a few days from nephritis. A man, thirty years irf 
age, died in four days after having taken iti grms. (133 drma.) of sodio 
chlorate in six hours. The shortest time in which I can find the salt to 
have been fatal, ia a case related by Dr. Mauouvriez, in which a wom&Q 
took 45 grma., and died in five hours, 'Yh^ sjnallest dose v\uch has 
proved fatal is one in which an infant three years old was killed by ft 
grms. {48'3 grains). 

Jacobi conaiders that the maximum doae to be given in divided A' 
during the twenty-four hours, to infants under three, should be from 
1-1 '5 grm. (23'1 graina), to children from three years old, up to 2 gna. 
(30-8 graina) ; and adults from 6-8 grm. (9a-6-123-4 grains) . 

Eliininaiion. — Potassic chlorate is quickly absorbed from mucon* 
membranes, and by the inflamed skin, and rapidly separated from ths 
body by the action of the kidneys. Wohler, as early as 1824, recognised! 
that it in great part passed out of the body unchanged, and, lately, Isam- 
bert, in conjunction with Hirno \ making quantitative estimations^ 
recovered from the urine no less than 95 per cent, of the ingested salt. 
Otto Ilehner has also made several auto-experiments, and taking two 
and a half drachms, found that it could be detected in the urine an houZ 
and a half afterwards. At that time 17-23 per cent, of the salt had 
been excreted, and, by the end of eleven hours, 93'8 per cent, 
recovered. It is then diflicult to belie-ve that the salt gives any oxygen 
to the tissues, for though it is true that in all the investigations a small 
percentage remains to be accounted for, and also that Binz J making ex- 
periments by mixing solutions of potassic chlorate with moist organio 
substances, such as pus, yeast, fibrin, &c., has declared that at a blood 
heat, the chlorate is rapidly reduced, and is no longer recogiiiBsbli 
chlorate — yet, it may be affirmed, that potassic chlorate is recovered 
from the urine Jts completely as anything which ia ever excreted by the 
body, and that deductions drawn from the changes undergone by the salt 
in solutions of fibrin, &c., have only an indirect bearing on the qneetion. 

The essential action of potassic chlorate seems to be that it eauses 
peculiar change in the blood, acting on the colouring matter and corpus* 

* AmtT. Med. Times, 1860. 

t Gat. Mid. de Paris. 1875. Nro. 17, 85. 41, 48. 

} Berlin Klin. Wothentckr. xi. 10, S. 119, 1874. 




NEUTRAL 80DILM, I'OTASSIUM, ASD AMMOSIUII SALTS. 103 



; the latter lose their property ob oxjgeii carriers ; tlie hieinoglobin 
. part destroyed ; the corpuscles dissolved. The decomposed and 
lltered blood -corpuscles are crowded into the kidueye, spleeu, &c. : they 
' ; up the uriniferouB canaliculi, and thus the organs present the 
rtouB colouring seen after death, and the kidneys become in&amed. 

DETECTION AND ESTIMATION OF P0TA8BIC CHLORATE. 

Organic fluids are beat submitted to dialysis ; the dialysed fluid 
^ould then be concentrated and qualitative tests applied. One of the 
; tests for the presence of a chlorate is, without doubt, tliat recom- 
lended by Fresenius. The fluid to be tested is acidulated with a few 
I- drops of sulphuric acid ; siilphate of indigo added snfBcient to colour 
the solution blue, and finally a few drops of sulphurous acid. In pres- 
ence of potassic or sodic chlorate, the blue colour immediately vanishes. 
This method is capable of detecting 1 part in 128,000 ; provided the so- 

^Intiun is not originally coloured, and but little organic matter is present. 
The urine can be examined direct, but if it contain albumen, the 
blue colour may disappear and yet chlorate be present ; if too much sul- 
phurous acid be also added, the test may give erronous results . These 
are but trivial objections, however, for if the analyst obtains a response 
to the test, he will naturally confirm or disprove it by the following 



to the 
^Lprocess 

^two eq 



The liquid nnder esamination, organic or otherwise, is divided into 
'iwo equal parts. In the one, all the chlorine present is precipitated as 
chloride, by silver nitrate in the usual way, and the chloride of silver 
collected and weighed. In the other, the liquid is evaporated to dryness 
and well charred by a dull red heat, the ash dissolved in weak nitric 
acid, and the chlorides estimated as in the first case. If chlorates were 
present, there will be a difference between the two estimations, propor- 
tionate to the amount of chlorates which have been converted into 
chlorides by the carbonisation, and the first silver chloride subtracted 
from the second will give an argentic chloride which is to be referred to 
chlorate. In this way also the amount present may be quantitatively esti- 
mated, 100 parts of silver chloride equalling 85*36 of potassic chlorate. 

TOXICOLOaiCAL DETECTION OF ALKALI SALTS— 

(See also ante, p. B5.) 

Sodium, in combination, especially with chlorine, and also with buI- 

nnric, carbonic, and phosphoric acids, is found in the plasma of the blood, 

e urinary secretion, in the pancreatic juice, in human bile, and in 

:x)a8 transudations, &c. Potassium, in combination, is especially found 
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in tho red Wood-corpuscles, in the muscles, in the nerrous tissues, and 
in milk. Ammonia, in combination with acids, is iiaturaily found in 
the stomach, in the contonta of the intestines ; it is also a natural con- 
stituent of the biood in small traces, and in a corpse iacopiouslj evolved 
from putrefactive changes. 

It hence follows, that mere qualitative tests for these elements in j 
the tisanes or fluids of the body are of not the slightest use, for they are , 
alivays present during the life of the healthiest individual, and can be 
focnd after death in persons dying from any maludy whatever. To es- 
tablish the fact of a person having taken an unusual dose of any of the 
alkali salts, by simple chemical evidence, it must be proved that the al- 
kalies are present in unusual quantities or in an abnormal state ot combi- 
nation. 

In cases of rapid death, caused by sodic or potassic salts, they will 
be found in such quantity in tho contents of the stomach, or in matten 
vomited, that there will probably be no difficulty in coming to a direct 
oonclusion ; but If some time has elapsed, the analyst may not find a suf- 
ficient ground for giving a decided judgment, the excretion of the alkali 
salts being very rapid. 

In most cases, it will be well to proceed as follows : — The conteuti 
of the stomach are, if necessary, diluted with distilled water, and divided 
into three parts, one of which is submitted to dialysis, and then the 
dialysed liquid evaporated to a small bulk and examined qualitatively, in 
order to ascertain whether a large amount of alkaUne salts is present, 
and in what form. In this way, the presence or absence of nitrate of po- ■ 
tassium or sodium may be proved, or the iodide, bromide, eulphate, and 
chlorate detected. 

To find in this way, nitrate of potassium, a coarse test is preferable 
to the finer tests dependent upon conversion of the niirste into nitrita 
or into ammonia, for these tests are so delicate, that nitrates may be da- 
tected in traces; whereas, in this examination, to find truces is of 
value. Hence, the old-fashioned test of treating the concentrated liquid 
in a test-tube with copper filings and then with sulphuric acid, and look- 
ing for the red fumes, is best, and will act very well, even shonld, as ie 
commonly the caee, some organic matters have passed through the 
dialyaer. 

Chlorates are indicated if the liquid is divided into two parts and 
tested in the manner recommended on page 103. If present in auy 
quantity, chlorates or nitrates may be indicated by the brilliant combus- 
tion of the organic matter when heated to redness, as also by the actioD 
of strong sulphuric acid on the solid substances— in the one case, yelloir 
vapours of peroxide of chlorine being evolved — in. the other, the red 
fumes already mentioned of nitric peroxide. 
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With regard to a substance such as the hydro-potassic tartrate, its 
insolubility in water renders it not easy of detection by dialysis ; but its • 
very insolubility will aid the analyst, for the contents of the stomach may 
be treated with water, and thus all soluble salts of the alkalies extracted. 
On now microscopically examining the insoluble residue, crystals of bitar- 
trate, if present, will be readily seen. They may be picked up on a clean 
platinum wire and heated to redness in a Bunsen flame, and spectroscopi- 
cally examined. After heating, the melted mass will have an alkaline 
reaction, and give a precipitate with platinic chloride. All other organic 
^ts of potassium are soluble, and a white crystal giving such reaction 
must be hydro-potassic tartrate. 

Ammonium Salts. — If the body is fresh, and yet the salts of ammo- 
nium present in large amount, it is safe to conclude that they have an 
«xt«mal origin ; but there might be some considerable difl&culty in crim- 
inal poisoning by a neutral salt of ammonium, and search for it in a 
highly putrid corpse. Probably, in such an exceptional case, there would 
be other evidence. With regard to the quantitative separation and esti- 
mation of the fixed alkalies in the ash of organic substances, the reader 
is referred to the processes given in vol. i., " Foods,'' p. 101, et aeq., and 
in the present work^ p. 95. 




PART rV.^MORE OR LESS VOLATILE POISONOUS SUBSTANCH 
CAPABLE OF BEING SEPARATED BY DISTILLATION FROJ 
NEUTRAL OR ACID LIQUIDS. 



HYDROCAEBOKS— CAMPHOR— 

ALCOHOL— AMYLSITRITE— ETHER— CHLOROFOEM— 

AND OTHER ANESTHETICS— CHLORAL— CARBON DISUl 

PHIDE— CARBOLIC ACID— NITRO-IiENZENE— PEtTSSIO 

ACID— PHOSPHORUS. 



I.— n YDROCARBONS. 
1.— PETHOLEDM. 

Petroleum is a general term for a misture of hydrocarbons of 
parraffin aeries, which arc fouml naturally in certain parts of the vc>iJ4 
and are in eommerce under liquid and solid forms of various den^^ 
C'nide petroleum is not imported into England, the origimil sobscaiutt 
having previously undergone more or less rectification. The lighter and 
more volatile portions are known under the name of cymogeue, rhigoli 
gasolene, and naphtha. 

Cymogene has a specific gravity of '590, and boils at 0°. It hasl 
employed in refrigerating machines. It appears to consist chiefiy of but! 
ane, (C.H,,). 

Rkigolene is now used in medicine in the form of spray to prodoot 
local anffisthesia. It boila at 18°, and haa a density of '050. 

Gasolene has a density of 'GSO-'eSS ; it has received tochnical appB* 
cations in the " naphthaiising " of air and gas. 

BemoHne (mineral nnphlha, petroleum, naphtha, petroleum gpirUi 
petroleum ether) is a mixture of the lighter series of hydrocarbons 
greater part consists of heptane, and there is also a considerabit 
quantity of pentiinc (C,!!,,) preaent. The specific gravity varies itoA 
■69 to '74. It is very inflammable, and is used in sponge lamps, oud 
as a solvent for gutta-percha, naphthalene, parraffin, wax, and manjotht^ 
bodies. By the practical chemist it is much employed. 
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The aiiuilarity of the terms beiitoJiiie and benzene haa caused benzo- 
line to be often confused with henzol or benzene, the leading constituent 
of coal-tar naphtha, C»H|,. Mr. Allen* gives in the following table a 
Bnmniary of the chief points of distinction, both between petroleum, 
Baphtha, ahale naphtha, and coal-tar naphtha. The table is founded 
apon the examination of particular samples, and commercial samplea 
may present a few minor deviations. 

TABLE Tl— VARIETIES OF NAPHTHA. 



> 



PetTOlenm Napbtho. 



Contains at least 75 per 
■tit. of heptane, CVHig, 
id other hydrocarbons 
of the maTBb gaa or porri- 
&a eeriea ; the remainder 
ftpporentlj; olefina CnHn,, 
with distinct traces ot 
benzene and its homo- 
logueE. 



Dissolve? coal-tar pitch, 
but slightly ; liquid, but 
little coloured eveu after 
prolonged contact. 

On shaking three meas- 
ures of the Bsmple with 
one measure of fused crys- 
tals of absolute carbolic 
acid, no solution. Liquids 
not inificible. 

nibines with 10 per 
cent, o' its weight of bro- 
■ ) in the cold. 



le Nspbtba. 



Contains at least SO to 
70 per cent, of heptylene, 
CHu, and other hydro- 
carbons of the olefin ser- 
ies ; the remainder parra- 
fins. No trace of benzene 
or its homologues. 

Specific g^Tity at 15", 



Behaves similarly to 
petroleum naphtha with 
regard to the solutiun of 



When treated with 
fused carbolic acid crys- 
tals, the liquids mix per- 
fectly. 



Combines with u p- 
wurds of 90 per cent, of 
its weight of bromiue. 



Ooal-tAT Nopbtba. 



Consista almost wholly 
of benzene, C»H4. and 
other homologous hydro- 
carbons, w i t h a small 
per centage of light liy- 
urocarbons in some sam- 



Readily dissolves pitch. 
forming a deep brown 
solution. 



The liquids form a ho- 
mogeneous mixture when 
treated with fused car- 
bolic acid crystids. 



Combines sic 
30-40 per ceul 
weight of brom 



0(7 (or kerosine, mineral oil. photogen, &c,) is the chief pro- 
idnct resufting from the distillation of American petroleum — the nsual 
BpeciBc gravity is about -802 — it is a mixture of hydrocarbons of tho 
paraffin aeries. It should be free from the more volatile constituents, 
and hence ehould not take fire when a flame is applied near the surface 
the cold liquid. 
BffecU of Petroleum. — Since we have here to deal with a commercial 

■ " Commercial Organic Analysis," vol. ii., 81. 
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Eubatance of such different degrees of purity, and various samplea of 
which are composed of such various proportions of different hjdrocar- 
bona, its action can only be stated in very general terms. Eulenberg • 
has experimented with the lighter products obtained from the distilktion 
of Canadian petroleum. This contained sulphur products, and wna ex- 
tremely poisonous, the vapour killing a rabbit in a short time, with pre- 
vious insensibility and convulsions. The autopsy showed a thia 
extravasation of blood on the surface of each of the bulbi, much coagu- 
lated blood in the heart, congested lungs, and a bloody mucous covering 
the tracheal mucous membrane. An experiment made on a cat with the 
lighter petroleum (which had no excesa of sulphur) in the state ot 
vapour, showed that it was an anEeethctic, the aniesthesia being accom- 
panied by convulsiouB, which towards the end were tetanic and violent, 
The evaporation of 1 -5 gnn. in a close chamber killed the animal in 
three hours. The lungs were found congested, but little else waa remark- 
able. Much petroleum- vapour is breathed in certain factories, especially 
those in which petroleum is refined. f from this cause there have been 
rather frequent toxic symptonis among the workmen. Eulenberg I 
describes the sjTnptoms as follows : — A person, after breathiug an over- 
dose of the vapour, becomes vcr}- pale, the lips are livid, the respiration 
slow, the heart's action weak and scarcely to be felt. If he does not 
immediately go into the open air away from the poisonous vapour, these 
symptoms may pass on to insensibility, convulsions, and death. It often 
occasions a condition uf the voluntary muscleH similar to that induced 
by drunkenness, and on recovery the patient ia troubled by Binging in 
the ears and noises in the head. The smell and taste of the poison may 
remain for a long time. 

Poisoning by taking light petroleum into the stomach is not com- 
mon. In a case recorded by Tayior,g a woman, for the purpose of sui- 
oide, swallowed a pint of petroleum. There followed a slight pain in 
the stomach, and a little febrile disturbance, and a powerful smell of 
petroleum remained about the body for sii days ; but she completely 
recovered. In August, 1870, a sea-cnjitain drank a quantity of paraffin, 
that is, lighting petroleum, and died in a few hours in an unconacioos 
state, A child, two years old. was brought to King's College Hospital 
within ten minutes after taking a teaspoonful of paraffin. It was semi- 
comatose and pule, with contracted pupils ; there was no vomiting or 

• Grwerhe Hygi^t. 

f The vapour most likely to rise at the nrdinarj' temperature, and muc with 
the atmosphere, is that of the lighter series, from cymogene to benzoline. 

t Op. m(. 

g " Poieona," p. fl56. 
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nirging. Emetics of sulphate of zinc were administered, and the child 

Piecovered in twenty-fonr hours. In another caee treated ul the aumc 

Itoapital, a child had swallowed an unknown quantity of paraffin. It 

tell into a comatose statf, which simulated tuhercular meningitis, and 

Bsted for nearly three weeks.* In a case recorded by Mr. Robert 

mith,! a. child, 4 yeura of age, hud swallowed an unknown quantity of 

MralBn. A few minutea afterwards, the symptoms commenced ; they 

tifere those of suffocation, with a constant cough ; there was no expecto- 

1 ration; the tongue, gums, and cheeks, were blanched and swollen where 

the fluid touched them ; recovery followed. A woman, aged 33, who had 

taken s. quarter of a pint of paraffin, waa found unconscious and very 

cold; the stomach pump waa used, and eho recovered. J Hence it is 

L-tolerably certain, from the above instances, that should a case of petro- 

bnm poisoning occur, the expert will not have to deal with infinitesimal 

^quantities, but while the odour of the oil will probably be distinctly per- 

septible, there will he also a safficient amount obtained either from mat- 

8 vomited, or the contents of the stomach, &c., so that no difficulty 

1 he experienced in identifying it. 

In order to separate petroleum from any liquid, the snbstances under 

Examination must be carefully distilled in the manner recommended un- 

" Ether." The lighter petroleums will distil by the aid of a water- 

"bath; but the heavier require a stronger heat; redistillation of the 

distillate may be necessary. The odour of the liquid, its inflammable 

character, and its other properties, will be sufficient for identification. 



2. COAL-TAR NAPHTHA— BEKZENE. 



Coal-tar naphtha, in its crude state, is an extremely complex liquid, 
of a moat disagreeable smell. Much benzene, {C.H,), is present with 
higher homologues of the benzene series. Toluene, (0,H,), naphthalene, 
LfCuH|), hydrocarbons of the paraffin series, especially hexane, (C,Hu), and 
^hydrocarbons of the olefin series, especially pentylene, hexylene, and hepty- 
me, (CjHi„C,Hu and CiHu). Besides these, there are nitrogenised bases, 
rach as aniline, picoline, and pyridine ; phenols, especially carbolic acid ; 
mmonia. ammoninm sulphide, carbon disnlphide, and probably other 
mlphnr componnda ; acetylene and aceto-nitrile. By distillation and 
itional distillation are produced what are technically known aa "once 



I Brit. Med. Joumai, 




• Brtt. Mfd. Joura., Sept. 16, 1878, p. 865. 

t Brit. Mid. Joum., Oct. 14, 1876. 

XPharm. Joum., Feb, 12. 1875 ; iUbo four other cases Bt 
4, 1876; and Kohler's "Phygiol. Therap.," p. 487. 
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ntn" naphtha, 90 per cent, benzol, 50 and 90 per cent, benzol,* 30 jur 
cent, benzol, golvent naphtha, and residue known aa ''last runnings, 

Taylorf records a case in which a boy aged 13 swallowed about three 
ouncea of naphtha, the kind usually sold for burning in lamps, and died 
with symptoms of narcotio poisoning. The child, after tjiking it, 
about in wild delirium, he then sank into a atute of collapse, brotithiug 
stertoroualy, and the akin became cold and clammy. Ou vomiting being 
excited, he rejected about two tjiblespoonf ula of the najihtha, and recov- 
ered somewhat, but again fell into collapse with great ranscuiar rebixation. 
The breathing was difficult ; there were no convulsions ; the eyes were 
fixed and glassy, the pupils contracted ; there was frotliing at the month. 
In spite of every effort to save him, he died in less than three hours after 
taking the poison. The body, examined three days after death, smelt 
strongly of naphtha, hut the post-mortem appearances were in no way p^ 
culiar, save that the stomach contained a pint of semi-fluid matter, from 
wliich a fluid, having the characteristics of impure benzene, was sep- 
arated. 

The effects of the vapour of benzene have been studied by Eulenberg 
in experiments on cats and rabbits, and there are also available obaerra- 
tions on men,t who have been accidentally exposed to its influence. 
From these sources of information, it is evident that the vapour of ben- 
zene has a distinctly narcotic effect, while influencing also in a marked de- 
gree the spinal cord. There are, as symptoms, noises in the bead, 
vulsive trembling and twitchings of the muscles, with difficulty of 
breathing. 

DETECTION AKD SEPARATION OF BENZENE. 

Benzene is separated from liquids by distillation, and may be recog- 
nised by its odour, and by the properties described at page 107. The 
best process of identification, perhaps, is to purify and convert it into 
nitro-benze[ie, and then into aniline, in the following manner : — 

Purification. — The li(piid is agitated with a solution of caustic soda 
this dissolves out of the benzene any bodies of an acid character, such SR 
phenol, &c. The purified liquid should again be distilled, cnllecfing that 
portion of the distillate which passes over between 65° and 100°; direoUf 
the thermometer attains nearly the 100°, the distillation should he 

• Or 50/80 benzol, thia iDdicatea that 80 per cent, distils ovdr below 100 ; 
40, makmg in all 00, below I21P. 

top. cv(..p. 6S7. 

t Dr. Stone, Mfd. Oaz., 1M9. Vol, rii., p. 1077. 
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etopped. The distillate, wliicli contains all the benzene preeent, is next 
ehaken with concentrated sulphurio acid in the cold ; this will dissolve 
out all the hydrocarbons of the ethylene and acetylene aeries. On re- 
moving the layer of benzene from the acid, it must be again shaken up 
with dilute soda, bo aa to remove ever}' trace of acid. The benzene is, 
by this rather complicated aeries of operationB, obtained in a very fair 
state of purity, and may be converted into nitro-benzine, as follows : — 

Conversion into Kilro-Bemene. — The oi!y liquid is j)laced in a flask, 
and treated with four times its volume of fuming nitric acid. The fiaak 
must be furnished with an upright condenser ; a vigorous action mostly 
tukes place without the application of heat, but if this does not occur, 
the flask may bo warmed for a few minutes, 

Aft«r the conversion is over, tlie liquid, while still warm, must be 
transferred into a burette furnished with a glass tap, or to a separating 
funnel, and all escept the top layer, mu into cold water ; if benzene was 
originally present, either oily drops of nitro-benzene will fall, or if the 
benzene wfla only in small quantity, a fine precipitate will gradually settle 
down to the bottom of the veesel, and a distinct bitter-almond smell be 
observed ; but, if there was no benzene in the original liquid, and, con- 
sequently, no nitro-benzene formed, no such appearance will be observed. 

Conversion into Aniline. — The nitro-benzene mayitaeltbe identified 
by collecting it on a wet filter, dissolving it ofE the filter by alcohol, 
acidifying the alcoholic solution by hydrochloric acid, and then boiling 
it for some time with metallic zinc. In this way aniline is formed by re- 
ductioiL On neutralising and diluting the liquid, and cautiously adding 
a little clear solution of bleaching powder, a blue or purple colour pass- 
ing to brown is in d little time produced. 



3. TERPENES— ESSENTIAL OILS— OIL OF TUKPENTISE, 

The terpenes are hydrocarbons of the general formula CVIIt,,-, The 
natural terpenes are divided into three classes : — 

1. The true terpenen, formula (0,|,U„), a large number of essential 
Otis, mich as those of turpentine, orange peel, nutmeg, caraway, anise, 
thyme, Ac, are mainly composed of terpenes. 

2. The cedrenes formula (CuH«) — the essential oil of cloves, rose- 
wood, cubebs, calamus, cascariUa, and patchouli, belong to this class. 

3. T/ie colopkene hydrocarbons, formula (C»n„), represented by 
colophony. 

Of all these, oil of turpenfme alone has any toxicologicid signifi- 
cance ; it is, however, true that all the essential oils, if taken in cou- 
tiderable doees, are poiEonona, and cause, for the most part, vascular excite- 
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meiit iinil complex nervous phenomena, but tlieir action hua not been 
very completely studied. They muy all be separated by diBtillation, liul 
a. more convenient process for recovering an essential oil from a liquid is 
to shiike it up with petroleum ether, separating the petroleum and J 
evaporating Bpoataueously ; by this means the oil is left in a fair etaUi offl 
purity. 1 

i. OIL OF TURPENTINE— SPIRITS OF TURPENTINE— 
" TURPS "— CAMPIiENE. 

Varioua apecies of pine yield a crude turpentine, holding in Bolution 
more or less reain. The turpentine may be obtained from this exudatioa 
by distillation, and when the first portion of the distillate is treated wiiii 
alkali, and then redistilled, the final product is known under the name of 
" rectified oil of turpentine," and is sometimeB called "campheue," It 
mainly consists of terebenthene. Terebenthene obtained from Frencli tur- 
pentine differs in some respects from that obtained from English or Ameri- 
can turpentine. They are both mobile, colourless liquids, having the well- 
known odour of turpentine and liighly refractive ; but the French tere- 
benthene turns a ray of polarised light to the left — iO^S" for the sodium 
ray, and the English to the right-}-21'5°; the latter terebenthoue is 
known scientifically aa austra- terebenthene. This action on polarised 
light is retained in the various compounds and polymers of the two tt 
pen tine oils. 

The specific gravity of turpentine oil is "864 ; its boiling poiD^. 
when consisting of pure terebenthene 156°, but impurities may 
up to IBO" ; it is combustible and bums with a smoky lliune. Oil of 
turpentine is very soluble in ether, petroleum ether, carbon diaolphide, 
chloroform, benzene, fixed and essential oils, and by the use of these 
solvents it is conveniently separated from the contents of the stomach. 
It is insoluble in water, glycerine, and dilute alkaline and acid solution) 
and very soluble in absolute alcohol, from which it may be preoipitatsd' 
by the addition of water. 

It is pelymerised by the action of strong sulphuric acid, the pol; 
of course. boiUng at ii higher temperature than the original oil. 
water it forma a crystalline hydrate, (0,oU„O^H,0). On paasing nitro- 
syl chloride gas into the oil, either pure or diluted with chloroform or 
alcohol, the mixture being cooled by ice. a white crystalline body is de- 
posited, of the formula CmHu (NOCl). By treating this compound with 
alcoholic potash, the substitution product, (C„IImNO), is obtained. Bj 
treating turpentine with an equal bulk of warm water, and shaking it in 
a large bottle with air, camphoric acid and peroxide of hydrogen nra 
formed. When turpentine oil is left in contact with concentrated hydro 
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chloric acid, there is formed terebentlieno dilijdroc bio ride, (C„II,((2IIC1), 
which forms rhombic plates, insoluble in water, and ilecomposable by 
boiling alcoholic potash, with formation of terpinol {CioHi;),0. The 
Ui hydrochloride gives a colour-reaction with ferric clilori<]e. This is an 
excellent test — not, it is tnio, confined to oil of turpentine — bnt com- 
mon to the dihjdrochlorides of all the terpenes. A few drops of the oil 
are stirred in a porcelain capsnle with a drop of hydrochloric acid, and 
one of ferric chloride solution ; on gently heating, there is produced firet 
a rose colonr, then a violet-red, and lastly a blue. 

Effects of i/ie Administration of Turpentine. — L. W. Lierach * ex- 
posed animala to the vapour of turpentine, and found that a cat and a 
rabbit died within lialf-an-hour. Tliero was observed uneasiness. reeling» 
want of power in the limbs (more especially in the hinder extremities), 
convnlsions, partial or general, difticulty of respiration ; and tho heart's 
action was quickened. Death took place, in part, asphyiia, and in part 
was attributable to a direct action on the nervous centres. The autopsy 
showed congestion of the lungs, eecbymoses of the kidney, and much 
blood in the liver and spleen. Small doses of turpentine-vapour ciiuso 
/according to Dr. W. B. Richardson)! giddiness, deficient appetite, and 
ansmia. From half an ounce to an ounce is frequently prescribed in the 
country na a remedy for tape-worm ; in smaller quantities it is found to 
be a useful medicine in a great variety of ailments. The larger dosea 
protluce a kind of intoxication with giddiness, followed often by purging 
and strangury, not unfrequently blood or albumen (or both) is found in 
the urine. When in medical practice I have given tho oil, and seen it 
given by others, in large doses for tape-worm to adults, in perhaps 40 
cases, but in no one instance were the symptoms severe ; the slight intox- 
ication subsided quickly, and in a few honrs the patients recovered com- 
pletely. Nevertheless it has been known to destroy the lives of children, 
and canse most serious symptoms in adults. Two fatal cases are mentioned 
by Taylor ; one was that of a child who died fifteen hours after taking 
half an ounce of the oil ; in another, an infant five months old, died rap- 
idly from a teaspoonful. The symptoms in these fatal cases were profound 
coma and slight convulsions ; the pupils were contracted, and there was 
slow and irregular breathing. Terpentine is eliminated in a changed 
form by the kidneys, and imparts an odour of violets to the urine ; but 
the nature of the odoriferous princijile has not yet been investigated. 

•tlania in Schmidt's Jahrbnelur, Bd, civii., i. 1863 ; and VUrtel-jalirn'rhr^ 
fS-r Qrr. Med., xxii.. Oct, 1862. 

\Brit. aiul For- Med.-Chir. Eeview, April, 1868 
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II.— CAMPUOK. 

A great many essential oils deposit, after exposure to air, camphon 
produced by oxidatiou of tlieir turpeiies. Ordiuarj camphor is irnportej 
in the rough state from China and Japan, and is prepared by distillii^ 
with water tlie wood of caniphora ojicinarum ; it is resublimed in Engf 
land. The formula of camphor is CioHi.O ; it baa a density of •S'JH ttf 
■9!)6 jmelts at 175", and boils at 205°. It is readily sublimed, especially 
in a vacuum, and ia indeed so volatile at all temperatures, that a lump 
of camphor es])oapd to the air wastes away. It is atiniewhat insoluble 
water, {about 1 part in l,O0(i) but this ia enough to impart a distinol 
taste to the water ; it ia insoluble in chloroform, ether, acetone, acetw 
acid, carbon disulphide and oils. It has a fragrant colour and a burning 
tast«. A 10 per cent, solution in alcohol tunis a ray of polarised light 
to the right -\-i-i-S°. By distillation with zinc chloride, cymene, sni 
other products are produced. By prolonged treatment with nitric 
camphor is oxidised to camphoric acid, {0,„H„0,). Camphor unite*: 
with Ijromine to form a crystalline, unstahle dibroniide, wliich splits nf' 
on distillation into hydrobromic acid and mono-brom -camphor, (OitII||> 
B,0}. Tho latter is used in medicine ; it crystallises in prisms fusible at 
76°, and is readily aohible in alcohol. 

Phanntumitical Preparations. — The preparatioiis officinal in tl 
British Pharm acoposi a are campAor wa/er — water saturated withcampho^ 
containing about one part per thousand. 

Camphor Liniment. — A solution of camphor in olive oil, strength 
per cent. 

Compound Camphor Liniment. — Comjiosed of camphor, oil of lai* 
ender, strong solution of ammonia and alcohol ; strength in oamphoc 
about 11 per cent. 

Spirit of Camphor. — A solution of camphor in Bjiirit ; strength ifl 
per cent. 

Camphor is also a constituent of tho compound tincture of eamphof. 
but in this case it may be considered only a flavouring agent. There! 
a homu?opathic solution of camphor, in spirit, (Eubini'a Essence of 
phor). The solution is made by saturating alcohol with camphor ; it i%v 
therefore, very strong— about half the bulk consisting of camphcx. 
Camphor is used in veterinary medicine both externally and intemollj^ 

-.S'j/>n;o/(wns.— Camphor acts energetically on the brain and iiervonft 

system, especially if it is given in strong alcoholic solution, and thM 

placed under conditions favouring absorbtion. Some years ago Dr. O-' 

Johnson* published a series of cases arising from the injudicious use rf 

• Brit. Med. Journal. Feb. B7, 1878. p. 973 ; see also fliid, Feb. 1876. 
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" hommopathic solntion of camphor," from seven to forty drops of Rubi- 
Tii's homceopathic camphor, taken for coUia, sore throat, &c., having pro- 
duced coma, foaming at the mouth, convulsionH, and partial paralysis. 
All the patienta recovered, bat their condition was for a little time 
ftlarming. 

The cases of fatal poisoning by camphor are very rare. A woman 
aged 46, pregnant fonr months, took 12 grms. {about 184 grains) in a 
glass of brandy for the purpose of procuring abortion. In & very short 
time the symptoms commenced ; she had intolerable headache, the face 
was flushed, and there was a sensation of burning in the stomach In 
eight hours after taking the dose, she had strangury and vomiting, and 
the pain in the epigastrium was intense. These symptoms continued with 
more or less severity until the third day, wheu she became much worse. 
Her face was pale and livid, the eyes hollow, the skin cold and insensible, 
pulse weak and thready, breathing laboured. There were violent cramps 
in the atomaeh, and retention of urine for twenty-four hours, and then 
coma. The patient lingered on yet another three days, aborted, and 
died.* 

Dr. Schaaf f has recorded three cases of poisoning — one of which 
was fatal. A woman gave about half a teaspoonful of a camphor solu- 
tion to each of her three children, the ages being respectively five and 
three years and fifteen months. The symptoms noted were pallor of the 
I face, a burning pain in the throat, thirst, vomiting, purging, convul- 
' «ions, and afterwards coma. The youngest child died in seven hours ; 
the others recovered. The smallest dose known to have produced vio- 
lent symptoms in an adult is 1 -3 grm. (20 grains) ; the largest dose 
known to have been recovered from is 10-3 grms. (160 grains)-! 

Posi-mortem Appearances. — The bodies of animals or persons dying 
from poisoning by camphor, smell strongly of the substance. The mu- 
cous membrane of the stomach has been found inflamed, but there seem 
to be no characteristic lesions. 

Separa/mi of Camphor from the Contents of the Stomach. — The 
identification of camphor would probably in no case present any diffi- 
culty. It may be readily dissolved out from organic fluids by chloro- 
form If dissolved in fixed oils, enough for the purposes of identification 
may be obtained by simple distillation. It is precipitated from its 
alcoholic solution by the addition of water, 

• Jemm. de Chim., May, 1860. 

ilbid. 1850, p. 507. 

X Taylor on ■■ PoiBona," 8rd Ed., 681. 
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ni.— ALCOHOLS. 
1. ETHTLIC ALCOHOL. 

The chemical propertiea of ordinary alcohol are fully described, 
with the appropriate tests, in vol. i., " Foods," pp. 369-384, and th« 
reader ia also referred to the same volume for the eompoBition and 
Btrengtb of the various alcoholic drinks. 

Sfaiislics. — If we were to include in one list the deaths indirectly 
duo to chronic, as well as acute poisoning by alcohol, it would stand 
first of all poisons in order of frequency, but the taking of doses 
large as to cause death in a few houiB is rare. The deaths from alcohc^ 
are included by the English registrar-general under two heads — via.^ 
those returned as dying from delirium tremens, and those certified 
due directly to intemperance. 

In the twenty-eight years from 1853-1880, the deaths certified 
under the head of delirivm tremens range from the maximum number 
of 613 (in 1865) to the mimmum of 273 (in 1879) ; the mean of thft 
whole being 399 or 400 yearly. The deaths from this more acuta 
form of alcoholic poisoning appear to be on the decrease ; for if we ta!» 
the five years ending 1860, Out of 2,123,479 deaths' from all causey 
2,361 are referred to delirium tremens, or 10-0 per 10,000. But in tha 
five years ending 1880, out of 3,605,553 deaths from all causes, there 
were only 1,760 from delirium tremens, or 6*7 per 10,000. On the other 
hand, deaths certified as directly dependent on intemperance do not 
appear to have diminished, the mean number for the twenty-eight yeaiB 
being 426 yearly, with a minimum of 386 (in 1855), and a maximum of 
777 (in 1870). While in the five years ending 1800, out of the eama 
number of deaths as before stated, 1,492 died from intemperance, or 
7'0 per 10,000 ; in the more recent period of five years ending 1880, 
3,470 died, or 134 per 10,000. In Sweden, as well as in RuBsia, thi 
mortality from alcohol is greater than in this country ; whilst in th* 
warmer climates it becomes insignificant ae a cause of death.* 

Criminal or Accidental Alcoholic Poisoninn. — Suicide by alcohol 
in the commom acceptation of the term, is rare, and murder still rarer, 
though not unknown. Perhaps the most common cause of fatal acuta 
poisoning by alcohol is either a foolish wager, by which a man bets that 
he can drink so many glasses of spirits without bad effect ; or else tb» 

• '■ Drunkeunees as Modified by Race," is the title of an ioterestiiig paper 
Dr. Draitt. {Med. limes and Oat., April 15. 1873). It ih summarised with othW 
facta in the present writer's "Dictionary of Hygiene," art. "Alcohol. 
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mggiEg of a person already drunk by Ms companions in a sportive 
t. 

Falal J)o»e. — It is difficult to say what would be likely to prove a 
il dose of alcohol, for a great deal depends without doubt on tlie 
:ion of the spirit, since the mere local action of strong alcohol on 
le mucous membranes of the stomach, &c., ia severe {one may almost 
corrosive), and would aid the more remote effects. In Maschka'a 
* a boy of nine years and a girl of five, died from about two and a 
ounces of spirit of 67 per cent, strength, or 48"2 cc. (1'7 oz.) of 
ibsolute alcohol. 

Ill a case related by Taylor, a child seven years old died from some 
lantity of brandy, probably about 113-4 cc. (4 oz), which will be equal 
,t least 50 ■7 cc. (2oz.) of absolute alcohol. From other cases in whioh 
quantity of absolute alcohol can be, with some approximation to the 
ith, valned, it is evident, that for any child below tun or twelve, quau- 
of'from 28"3 to 5(j'6 cc. (1-3 oz.) of absolute alcohol contained in 
mdy, gin, &c., would I>e a highly dangerous and probably fatal dose — 
the toxic dose for adults is somewhere between 71'8-141-7 ec. 
■5-5 oz.). 

Symptoms. — In the cases of rapid poisoning by a large dose of iil- 
(hol, which alone concern us, the preliminary, and too familiar escite- 
'ment of the drunkard, may bo liardly obser\-able ; but the second stage, 
that of depression, rapidly sets in; the unhappy victim sinks down to 
tte ground helpless, the face pale, the eyes injected and staring, the 
^pupils dilated, acting sluggishly to light, and the skin remarkably cold. 



Becorded by Maachka (Outaehten der Prager FacuWt" jv., 239, aee also 
Uaschka'a " Han/Ibiich cUr OfrUkt. Mtdicin," Band. ii.. p. 884). The following 
is a brief sumniary : — Franz. Z , nine years old, and Caroline Z., eight years old, 
were poisoned by their stepfather with spirit of GT per cent, strength taken ia 
email quantitie^s by each — at first by perauasion and the remainder adminiBtert-'d 
by force. About one-eightli of a pint is said to have been given to each chil<l. 
Both vomited somewhat, then lying down, stertflrous breathing at once came 
on, and they quickly died. The autopsy, three days after death, showed dilata- 
tion of the pupils ; rigsr mortis present in the boy, not in the girl ; and the mem- 
branes of the brain filled with dark fluid blood. Tlie smell of alcohol was per- 
ceptible on opening the chest; the njucousiuembraneof the bronchial tubes and 
gullet was normal, both lunga cedematoua, the fine tubes gorged with a bloody 
frothy fluid, and the mucous membrane of the whole intestinal canal waa red- 
dened. The Rtomach waa not, unfortunately, examined, being reserved for 
chemical analysis. The heart was healthy ; the pericardium contained some 
straw- coloured fluid. C hi; niical analysis gave an entirely negative result, which 
must have been from inaufflcient material having been submitted to the analyst, 
for 1 cannot see how the vapours of alcohol could have been detected by the 
mell, and yet faare evaded chemical processee. 
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Frantzel* found, in a case in which the patient survived, a t«mperatara 
of only 34 "6° in the rectum, iind in that of another person who died, a 
temperature of 33 'S". The mucous membranes are of a peculiar dusky 
blue ; the pulse, which at first is quick, soon becomes slow and small ; 
the respiration is also slowed, intermittent, and stertorous : there is com- 
plete loss of conaciousnesa and motion ; the breath araeUs strongly of tha 
alcoholic drink, and if the coma continues there may be vomiting and 
involuntary passing of excreta. Death ultimately occura through paraly- 
sis of the respiratory centres. Convulsions in adults are rare, in chil- 
dren frequent. Death has more than once been immediately caused, not 
by the poison, but by accidents dependent upon loss of consciooaneA 
Thus food has been sucked into the air-tubes, or the person has fallent 
so that the face was buried in water, ordure, or mud ; here suSocatioa 
has been induceil by mechanical causes. 

A remarkable course not known with any other narcotic is that in which 
the symptoms remit, the person wakes np, as it were, moTes about and 
does one or more rational acts and then suddenly dies. In this case alsot 
the death is not directly due to alcohol, but indirectly — the alcohol hav- 
ing devcloiied mdema, pneumonia, or other affection of the lungs, which 
causes the sudden termination tfhen the first effect of the poison has 
gone off. Tlie time that may elapse from the commencement of coma 
till death varies from a few minutes to days ; death has occurred after a 
quarter of an honr, half an hour, and an hour. It has also been pro- 
longed to three, four, and six days, during the whole of which the COtna 
has continued. The average period may, however, be put at from sit t© 
ten hours. 

Poitt-mortem Appearances. — Cadaveric rigidity lasts tolerably long. 
Casper has seen it still existing nine days after death, and Seidelf sevea 
days (in February). Putrefaction is retarded in those cases, in which* 
very large dose has been taken, but this is not a very uoticeabln or con- 
stant characteristic. The pupils are mostly dilated. The smell of alc<»- 
hoi should be watched for, but it will only be present in cases where 
but a short time has elapsed between the taking of the poison and 
death ; putrefaction may also conceal it. Under favourable circum- 
stances, especially if the weather is cold, the alcoholic smell may remain 
11 long time. Alcohol may cause the most intense redness and conges- 
tion of the stomach. The most inflamed stomach I over saw, short of 
inflammation by the corrosive poisons, was that of a sailor, who died sud- 
denly after a twenty-four honrs' drinking bout ; all the organs of the 
body were fairly healthy, the man had suffered from no disease ; analysis 

• Temperat<irernJ^rigungdurckAlK>holintixeieatlon, ChariU Annalen.i. ,7fn. 
\ Seidel, Maschka'B Hantlbwh. Bd. ii., p. 880. 
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oonld detect no poison but alcohol ; and the hietory of the corc, more- 
over, proved cleiirly that it was a pure case of alcoholic poiBoning. 

Ill a, case related by Taylor, in which a child drank four ounces of 
hranjy and dieil, the mucous membrane of the stomach presented patches 
of intense redness, and in several places was thickeued aud softened, 
some portions being actually detached and hanging loose, and there were 
evident signs of extravasations of blood. The effect may not be confined 
lo the stomach, but extend to the duodeunra aud even to the whole intesti- 
nal canal. The blood is generally dark and fluid, and usually the con- 
tents of the skull are markedly hyperfemic, tlie pia verj' full of blood, 
the Binuses and plexus gorged ; occasionally, the braiu-substance shows 
signs of iinuBiial congestion ; serum is often found in the ventricles. The 
great veins of the neck, the lungs, and the right side of the heart, are 
very often found full of blood, and the left side empty. (Edema of the 
lungs also occurs with tolerable frequency. The great veins of the ab- 
domen are also filled witli blood, and if the coma has been prolonged 
without surgical aid, the bladder will be distended with urine. A rare 
phenomenon has been also noticed— namely, the occurrence of blebs on 
the extremities, &c,, just as if the part affected had been burnt or scald- 
ed. Lastly, with the changes directly due to the fatal dose maybe in- 
eluded all those degenenitions met with in the chronic drinker, pro- 
vided the case had a history of previous intemperance. 

Excretion of Alcohol. — Alcohol, in the diluted form, is quickly ab- 
sorbed by the blood-vessels of the stomach, Ac, and circulates in the 
blood ; but what becomes of it afterwards is by no means settled. L 
think there can be little doubt that the lungs are the main channels 
through which it is eliminated ; with persons given np to habits of in- 
temperance, the breath has constantly a verj- peculiar ethereal odour, 
prohnbly dependent upon some highly volatile oxidised product of 
alcohol. 

Alcohol is eliminated in small proportion only by the kidneys 
Thndichum, in an experiment* by which 4,000 grms. of absolute alco- 
hol were consumed by thirty-three men, could only find in the collected 
urine 10 grms. of alcohol. The numerous e.tperimejita by Duprd also 
establish the same truth, that but a fraction of the total alcohol absorbed 
ia excreted by the kidneys. According to Lailemaud, Perrin, aud Duroy, 
the content of the brain in alcohol is more than that of the other organs. 
I have found also that the brain after death has a wonderful attraction 
for alcohol, and j-ields it up at a water-heat very slowly and with difficulty. 
In one experiment, in which a finely-divided portion of brain, which 
had beeif soaking in alcohol for many weeks, was submitted to a steam 

* See Thudichum'9 " Pathology of the Urine," London, 1877, in which both 
his own and Dr. Dnpre'a experiments are BammariBed. 
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heat of 100°, twenty-four hours' conseeative heating failed lo expel e 
trace of spirit. 

It h probable that true alcohoiatea of the chemical constituenia a 
the bniin are formed. In the cuso of vegetable colloidal bodies, sncb 
for example, as the pulp of cherries, a similar attraction has hceu d 
served, the fruit condensing, as it were, the alcohol in its on 
and the outer liquid being of k'BS alcoholic Btreugth than that which ca 
be expressed from the steeped cUerriea. Alcohol is also exoret«d by tl 
sweat, and minute fnictioua havo been found iu the faices. 

Toxicuhgical Detection of Alcohol.— {sea vol. i., " Foods," 369-38^ 
The living cells of the body produce minute quantities of alcohol, an 
it is often found in traces in putrefying flnids, llonce, mere qualitatil 
proofs of the presence of alcohol are insufficient on which to base a 
opinion as to whether alcohol had been taken during life or not, and i 
will be neceasary to estimate the quantity accurately by some of the p 
cesses detailed in vol. i., p. 373, et seq. In those cases in which alcobe 
is found in quantity in the stomach, there can, of course, be no dilT 
culty ; in others, the whole of the alcohol may have been absorbed, am 
chemical evidence, unless extremely definite, must be supplemented b 
■other facts. 



2. AMYLIO ALCOHOL. 



Amylic Alcohol. — Formula (OaHnHO). — There ia more than c 
amylic alcohol. The amylic alcohols are identical in their chemical com 
position, but differ in certain physical properties, normal amylic alcolu 
boiling at 135", and iso-amyl alcohol at from 128-132°. The latter h< 
a specific gravity of "8148, and is the variety produced by fenuentatioV 
and present in fusel oil. 

The experimeuts of Eulenberg* on rabbits. Cross f on pigeon^ 
Eabuteau % on frogs, aud Furst on rabbits, with those of Dr. W- T 
Richardson § on various animals, have shown it to be a ))owerfnl potaoDf 
-more especially if breathed in a state of vapour. 

Dr. Richardson, as the result of his investigations, conaidera thit, 

• Oewerbe Rygiin^. 18T0, p. 440. 

t De V Alcohol Aiitt/lirfW et M> Ihyl tar rOrganisme. 77ir"*'. Straabarg, 1 

t Ua>er itif Wirkung de« Adhijl. Biityt u. Amyl Ahoholn. L' UnuM. No«. He 
81, 18Tt). Schmidta Jalirb. Bd. 140. !>. l!63. 

Sj TVniM. Brit. Asaoriation, 1864, ia«5. and iyU6, Also Brit, and Foreign Met- 
Chir. R,i: Jan. T, 1967, p. 247. 
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amyl alcohol when brpathed sets up quite a peculiar class of aymptoma 
which last for many hours, ami are of such a eharacter, that it might be 
thought impossible fur the animal to recover, althougli they have not 
yet been kuowu to prove fatal. There ia moacular paralysia with 
paroxysms of tremulous convulsions ; the spasms are excited by touching 
the animal, breathing upon it, or otherwise subjecting it to trifling 

Hxcitutiou. 

W Hitherto, neither the impuro fusel oil, nor the purer chemical pre- 

F|xvation haa had any toxicological importance. Should it be necessary 
at ajiy time to recover small quantities from organic liquids, the easiest 
way is to shake the liquid up with chloroform, whicli readily dissolves 
amytic alcohol, and on evaporation leaves it in a state pui'c enough to be 
identified. Amyl alcohol is identified by the following tests : — (1. ) Its 
physical properties; (2.) If warmed with twice its volume of strong 
snlphuric acid, a rose or red colour ia produced ; (3.) Heated with an 
acetate and strong sulphuric acid, amyl acetate, which haa the odour o& 
the jargonelle pear, is formed; (i.) Heated with sulphuric acid and 
potaasic dichromate, valeric altehyde is first produced, and then valeric 

^cid is formed ; the latter has a most peculiar and strong odour. 

■ Amyl ffitrite. {C»HuNO»),— BoUing point 95° to 100°. specific gravity -877. 
t Jkmjl nitrite is a limpid, Bod, generally, slightly yellow liquid ; it haa a 
peculiar and characteristic odour. On heating with alcohatio potash, the pro- 
ducta are nitrite of potash and amylic alcohol ; the amyljo alcohol may be dis- 
tilled off and identifled. The presence of a nitrite in the alkaline solutionis 
readily showD by the colour produced, by adding a few dro|)s of a solution of 
meta-pb enylene-di ajn inc. 

Dr. B. ~W. Ricliardson and others have investigated the action of amjl ni- 
trite, as well as that of the acetate and iodide ; they all act in a similar maniier, 
the nitrite being most potent. After absorption, the effects of auijil nitrite are 
especially seen ou the heart and circulation; the heart acts violently, there isfirst 
dilatation of the eainllaries. tlien this is followed by diminished action of the 
heart and contraction of the capillaries. 

According to Dr Hicbardson, it euspenda the animation of frogs. No other 
Bnbfltaiiue known will thus suspend a frog's animation for so lung a time without 
killing it. Under favourable circumstances, the animal will remain apparently 
dead for many days, and yet recover. Warm-blooded animals may be thrown 
bp arojlic alcohol into a cataleptic condition. It is not an ancestbetic. and by its 
use consciousness is not destroyed, unless a condition approaching death be first 
produced. When this occurs there is rarely recovery; the animal iMflses inwj ac- 
tual death. 

Post-mfyrlem Appearav^ei. — If administered quickly, the lunga and all the 
other organs are found blanchetl and free from blood, the right aide of the heart 
gorged with blood, the left empty, the brain being free from congestion. If ad- 
ministered slowly, the brain ia found, congested, and there ia blood both on th« 
Mt and right aides of the heart, 
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IV.— ETKER. 

Ether, Mhylic Ether, Ethyl Oxide, {CJI,),0.— Ethylio ether ia 
highly mobile liquid of peculiar peneCratiug odour andeweetish pongeot 
taste. It is perfectly colourless, and evaporates bo rapidly, that when: 
applied in the form of spray to the skin, (he latter becomes frozen, 
is thus deprived of sensibility. 

Pure ether has a density of 'TIS, its boiling jwint ia 35", but eom- 
mercial samples, which often contain water, (one part of water a solo* 
ble in thirty-five of ether), may have a higher gravity, and also a higho* 
boiling point. The readiest way to know whether an ether is anhydi 
or not, is to shake it up with a little carbon disulphide. If it is liydroo^, 
the mixture is milky. Methylated ether is largely used in 
its disagreeable odour is due to contamination by methylated componnd^' 
"otherwise the ether made from methylated spirit is ethylic ether, far 
methylic ether is a gas which escapes during the process. Hence th« 
term "methylated" ether ia misleading, for it contains no methylis' 
ether, but is SBSpntially a somewhat impure ethylic ether. 

Ether as a Poison. — Ether has but little toxicological importance. 
There are a few cases of death from its use as an anfesthetic, and a feif' 
caaes of suicide. Ether is used by some people as a stimulant, but ethar 
driukcrs are uncommon. It causes an intoxication very similar to that 
of alcohol, but of brief duration. In a case of chronic ether- taking. 
recordeti by Martin,* in which a woman took daily doses of ether tat 
the purpose of allaying a gastric trouble, the patient suffered from sMt- 
ering or trembling of the hands and feet, muscular weakness, cramp ia 
the calves of the legs, pain in the breast and back, intermittent head* 
aches, palpitation, singing in the ears, vomitings and wakefulness ; tlw 
ether being discontinued, the patient recovered. In one of Orfila's ex- 
periments, half an ounce of ether was administered to a dog. The ani- 
mal died insensible in three hours. The mucous membrane of tba 
stomach was found highly inflamed, the inflammation extending soma- 
what into the duodenum ; the rest of the caniU waa healthy. The longl' 
were gorged with fluid blood. 

Fatal Dose. — The fatal dose of ether, when t«ken as a liquid, tanot 
known. 4 grms. (1*28 drms.) cause toxic symptom?, but the effect Booil 
passes. Buchanan has seen a brandy-drinker consume 25 grtna. (6"t 
drms.) and yet survive. It is probable that most adults would be killed 
by a fluid ounce (28i cc.) 

Ether im an Anceslhelic. — Ether is now much used as an aufesthetic, 

* Virchow'a JahreAer., 1970. 



and generally in conjunction with ciilorolorm. AnffiBthesia by ether is 
eaid to compare fuvourably with that induced by chloroform. In 92,000 
cuaes of oi^rationa performed under ether, the proportion dying from 
the effects of the iinteathetic wna only '3 per 10,000 (Morgan), while 
(Aloroform gives a higher number (see p. 129). The mortality in 
America, again, from a mixture of chloroform and other in 11,000 cases 
la reckoned at !■? per 10,000 ; but this propoition ia rather above some 
of the calculations relative to the mortality from jiure chloroform, bo that 
the question can hardly be considered settled. The symptoms of ether 
narcosis are very similar to those produced by chloroform. The chief 
point of ditfercDce appears to be its action on the heart. Ether, wlien 
first breathed, stimulates the heart's action, and the after-depression that 
follows never reaches so high a grade as with chloroform. Ether is said 
to kill by paralysing the respiration, and in cases which end fatally the 
breatbiug is seen to stop suddenly : convulsions hare not been noticed. 
The poni-mortem appearances, as in the case of chloroform, are not 
characteristic. 

Separation of Elher from Organic Fluids, £c. — Despite the low 
boiling point of ether, it is by no means easy to separate it from organic 
Bubatancee «o as to recover the whole of the elher present. The best way 
is to place the matters in a flask connected with an ordinary Liebig'a 
condenser, the tube of the latter at its farther end fitting closely into the 
doubly-perforated cork of a flask. Into the second perforation ia adapted 
an upright tube about two feet long, which may be of small diameter, 
and must be surrounded by a freezing mixture of ice and salt. The 
upi)er end of this tube ia closed by a thistle-head funnel with ayphon, and 
in the bend of the syphon a little mercury aervea as a valve. Heat is 
now applied to the flask by means of a water-bath, and continued for 
several hours ; the liquid which has distilled over istlion treated with dry 
calcic chloride and redistilled exactly in the same way. To this distil- 
late again a similar process may be used, substituting dry ])otasBic car- 
bonate for the calcic chloride. It is only by operating on tliese principles 
that the expert can recover in an approximate state of anhydrous purity 
such a volatile liquid. Having thus obtained it pure, it may be iden- 
tified (1) by its smell, (2) by its boiling point, (3) by its inflammability, 
and (4) by its reducing chromic acid ; the latter test may be applied 
to the vapour. An asbestos fibre is soalied in a mixture of strong sul- 
phuric acid and potassic dichromate, and then placed in the tube con- 
nected with the flask — the ethereal (or alcoholic) vapour passing over tlie 
fibre, immediately reduces tlie chromic acid to chromic oxide, vith the 
production of a green colour. 




POISOSS : THEIR EFFECTS AXD DETECTION. 



v.— CHLOROFORM. 

CHLOROFOEM. TRICHLORO METHANE OR METHESYL CHLORIDE.. 

(CHCl!). 

Ohlorofonn iippeara to have been discovered independently by Soo- 
beyran and Liehig, about 1830. It was first employed in medicine I^ 
Simpson, of Edinburgh, as an aniesthetic. Pure chloroform has a density d 
1'491 at 17° and boils at 60'8°; but commercial samples have gravities c 
from 1'47 to 1-491. It is a colourless liquid, strongly refracting light ;, 
it cannot be ignited by itself, but, when mixed with alcohol, bums wttli 
a smoky flame edged with green. Its odour is lieavj-, but rather pleasant; 
the taste is sweet and buruing. 

Chloroform sinks in water, and is only slightly soluble in that fltud 
(■44 in 100 cc) ; it is perfectly neutral in reaction, and very Tolatik. 
When rubbed on the skin it should completely evaporate, leaving i 
odour. Pure absolute chloroform gives an opaline mixture if mixed wiffl 
from one to five volumes of alcohol, but with any quantity above five vi 
umes the mixture is clear ; it mixes iu all proportions with ether. ChloN 
oform coagulates albumen, and is an excellent solvent for most organic 
bases — camphor, caoutchouc, amber, opal, and all common reeina. & 
dissolves phosphorus and sulphur slightly, — more freely iodine and \ 
mine. It floats on hydric sulphate, which only attacks it at & boiling 
heat. 

Chloroform is not unfrequently adulterated, or (perhaps a bettat 
term would be) made impure from faulty manufacture. The impuritieft 
to be sought are alcohol, methylated chloroform,* dichloride of ethylene^ 
(C,H,CI,), chloride of ethyl, (C,H,C1), aldehyde, chlorine, bydrochloria,, 
hypochlorouB, and traces of sulphuric acid ; there have also been fooni 
chlorinated oils. One of the best testa for contamination by alcnbol, 
wood spirit, or ether, is that known as Rousain's; dinitrosnlpbide of iroaf 
is added to chloroform. If it contain any of these impurities, it acqninc 
a dark colour, but if pure, remains bright and colourless. 

The presence of alcohol or etber, or both, may also be discovered \lf 
the bichromate test, which is best applied as follows : — A few milU- 

• Methylated chloroform is that which is prepared from methylated spirit. 

It is liable to more impurities than tbat mode from pure alcohol, but, of couraei 
its compositiuu ia tlie same, and it has recently been manufactured from thit 
sourco almost cbemtcally pure. 

t Made by slowly adding ferric iuJphate to a boiling solution of 
sulphide and potassic nitrite, as long as the precipitate eontinues lo rediSBOlv% 
and then filtering the solution 



nridc 
Haodi 



grammes of potaaeic bichromate are placed ut the bottom of a test-tube 
with four or five drops of atilphuric ncid, which liberates the chromic 
acid ; next, a very little water is added to dissolve the chromic acid ; and 
lastly, the chloroform. 'J'lie whole is now shaken, and allowed to sepa- 
ftite. If the chloroform is pure, the mass is hardly tinged a greeniah- 
jfillow, and no layei* separates. If, however, there is anything like 5 per 
int. of alcohol or ether present, the deep green of clirominm chloride 
tppears, and there is a distinct layer at the bottom of the tube. 

Another way to detect alcohol In chloroform, and also to make an 
tpprosimate estimation of its quantity, is to place 20 cc. of chlorofoi-m 
a burette, and then add SO cc. of water. On shaking violently, pure 
loroform will sink to the bottom in clear globules, and the measure- 
ment will be as nearly aa possible the original quantity ; but if anything 
like a percentage of alcohol be present, the chloroform is seen to be di- 
minished in quantity, and its surface is opalescent, the diminution being 
caused by the water dissolving out the alcohol. The addition of a few 
drops of potash solution destroys the meniscus, and allows of a close 
reading of the volume. The supernatant water may be utilised for the 
detection of other impurities, and tested for sulphuric acid by baric chlo- 
for free chlorine and hypochloroua acid by starch and potassic 
ide, and for hydi'oehloric acid by silver nitrate.* Fuchslne, proposed 
by Stoedeler, is also a delicate reagent for the presence of alcohol in chlor- 
oform, the sample becoming red in the presence of alcohol, and the tint 
being proportionate to the quantity present. The most delicate test for 
alcohol is, however, the iodoform test fully described in vol. i., "Foods," 
375, t Dichloride of ethylene is detected by shaking up the chloro- 
urm with dry potassic carbonate, and then adding metallic potassium. 
' Is does not act on pure chloroform, but only in presence of ethylene 
[chloride, when the gaseous chlor-ethylene (C,H,01) is evolved. Ethyl- 
iloride is detected by distilling the cliloroform and collecting the first 
irtions of the distillate ; it will have a distinct odour of ethyl-chloride 
lould it be present. Methyl compounds and empyreumatic oils are 
mghly detected by allowing the chloroform to evaporate on a cloth. If 
mt, the cloth, when the chloroform has evaporated, will have a pe- 
iar disagreeable odour. Aldehyde is recognised by its reducing action 
argentic nitrate ; the mineral acids by the reddening of litmus paper, 

* Neither an alcoholic nor an aqueous solution of Bilver nitrate causes the 
lf;ht«6t change in pure chloroform. 

t An attempt has been made by Beanou to estimate the amount of alcobol b^ 

» specific gravity. He found that a chloroform of l*4d4S gravity, mixed with 

■ percent, of alcohol, gave a specific gravity of 1'4772; 10 percent., 1*4802; 30 per 

1-4263 : and 35 percent.. I'40ti0. It would, tberefore, seem that every per. 

ntage of alcobol lowers the gravity by -00S4. 
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antl tho tt]ipropriate teats. Hj-pochlorous acid first reddensj and then 
bloachcs, litmus paper. 

The ordinary method of manufacturing chloroform is by diBtiUing 
alcohol with chlorinated lime ; but another mode is now much in use — 
viz., the decomposition of chloral hydrate. By distilling it with a weak 
alkali, this process yields such a pure chloroform, that, for medical pur- 
poHCs, it should supersede every other. 



POISONOUS EFFECTS OF CHLOROFOHM. 
1. As a Liquid, 

Slaiieiics, — ^Falck finds recorded in medical literature twentj-fleren 
cases of poisoning by chloroform having been swallowed — of these fifteen 
were men, nine were women, and three children. Eighteen of the 
were suicidal, and ten of the eighteen died ; the remainder took the 
liquid by mistake. 

Local Action of ChloTof (inn. — TiTien applied to the skin or mncoog 
membranes iu such a way that tlie fluid cannot evaporate — as, for es- 
ample, by means of a cloth steeped in chloroform laid on the baxe skin, 
and covered over with some impervioos material — there is a burning sen- 
sation, which soon ceases, and leaves the j>nrt anffiBthetised, while thfl 
skin, at the same time, is reddened and sometimeH even blistered. 

Chloroform added to blood, or passed tiirough it in the stAt« of va- 
pour, causes it to assume a peculiar brownish colour, owing to destruction 
of the red corpuscles and solution of the htemoglobin in the plasma. 
The change does not require the presence of atmospheric air, bat takei 
place equally in an atmosphere of hydrogen. It has been shown by 
Sohmiedeberg that the chloroform enters in some way into a state of 
combination with the blood- corpuscles, for the entire quantity cannot 
be recovered by distillation ; whereaa the plasma, similarly treated, yields 
the entire quantity which haa in the first place been added. S. Schmie- 
deberg also asserts that the oxygen is in firmer combination with the 
chloroform ised blood than usual, as shown by its slow extraction by stan- 
nous oxide. Mustde. exposed to chloroform liquid by arterial injection, 
quickly loses excitability and becomes rigid. Nerves are first stimulated, 
and then their function for the time is annihilated ; but on evaporatioii 
of the chloroform, the function is restored. 

General Effects of the Liquid. — However poisonous in a state of va- 
pour, chloroform cannot be considered an extremely active poiaon when 
taken into (he stomach as a liquid, for enormous quantities, rehitively. 
liave been dmnk without fatal effect. Thus, there is the case recorded 
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Ijy Taylor, in which a man, who had swallowed 118"4 grma. (4 oz.). 
walked a eonaiderable distance after taking the doBC. He Bubsequently 
fell into a state of coma, with dilated pupils, sturtorouB breathing, and 
imperceptible pulse. Thesa symptoms were followed by convulaionB, but 
the patient recovered in five dava, 

In a case related by Burkart,* a woman desired to kill herself with 
chloroform, and procured for that purpose 50 grnis. (a little more than 
one ounce and a half) ; she drank some of it, but the burning taste and 
the sense of heat in the mouth, throat, and stomach, prevented hor from 
taking tlie whole at once. After a few moments, the pain paaeing off, 
she essayed to drink the remainder, and did swallow the greater portion 
of it, bnt was again prevented by the Buffering it caused. Finally, she 
poured what remained on a cloth, and placing it over her face, soon sank 
into a deep narcosis. She waa found lying on the bed very pale, with 
blue lips, and foaming a little at the mouth ; the head was rigidly bent 
backwards, the extremities were lax, the eyes were turned upwards and 
inwards, the pupils dilated and inactive, the face and extremities were 
cold, the body somewhat warmer, there was no pulse at the wrist, the 
carotids beat feebly, the breathing was deep and rattling, and after five 
or ax inspirations ceased. By the aid of artificial respiration, &o., 
she recovered in an hour. 

A still larger dose has been recovered from in the case of a young 
man, aged twenty-three.f who had swallowed no less than 75 grras. (3J^ 
ounces) of chloroform, but jet, in a few hoars, awoke from the stupor. 
He complained of a burning pain in the stomach ; on the following day 
he suffered from vomiting, and on the third day symptoms of jaundice 
appeared, — a feature which has been several times noticed as an efEect of 
chloroform. 

On the other hand, even small doses have been known to destroy life. 
In a case related by Taylor, a boy, aged four, swallowed 3-8 grm. (1 
drachm) of chloroform and died in throe hours, notwithstanding that 
flvery effort was used for his recovery. 

The smallest dose that has proved fatal to an adult is 15 grma. 
(nearly 4 drachms). 

From twenty-two cases in which the quantity taken had been ascer- 
tained with some degree of accuracy, Falck draws the follo4vtug conclu- 
sions : — In eight ot the cases the dose was between 4 and 30 grms., and 
one death resulted from 16 grms. As for the other fourteen iicrsons, the 
doses varied from 36 to 380 grms., and eight of these patients died — 
two after 40, two after 45, one after 60, 90, 120 and 180 grma. re- 

• Virrteljnhriuchr. /Or Ger. Mrd., 1876. 
i Bra. Med. JowH., 1870. 
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epectively. Hence, under con<litioiia favouring the action of tho poison^ 
15 grma, (3-8 drachms) may be fatal to an adult, while doeea of 4C'grma. 
(10-3 drachms) and upwards, will almost certainly kill. 

Symptoms. — The symptoms can be well gathered from the cases 
qnoted. They coramenco shortly after the taking of the ]>oiaon ; and, 
indeed, the local action of the liquid immediately causes first a bnraing 
Benaation, followed by numbness. 

Often after a few minutes, precisely as when the vapour is admioia- 
tered, a peculiar, excited condition supervenes, accompanied, it mav be, 
by delirium. The nest stage is narcosis, and the patient Iii« with pale 
face and Uvid lipa, tic, as described at p. 131 ; the end of the scene iB 
often preceded by convulsioua. Sometimes, however, consciousness rft- 
turns, and the irritation of the mucous membranes of the gastro-intesti- 
nal canal is shown by bloody vomiting and bloody stools, with consider- 
able pain aad general suffering. In this way, a person may linger several 
days after the ingestion of tho poison. In a case observed by Pomeroy, 
the fatal malady was prolonged for eight days. Among those who 
recover, a common ewquela, iva beforo mentioned, is jaundice. 

A third form of symptoms has been occasionally observed, viz. : — th» 
person awakes from tho coma, the breathing and pulse become agiuQ 
natural, and all danger seems to have passed, when suddenly, aft«r ft 
longer or shorter time, without warning, a state of general depression and 
collapse supervenes, and death occurs. 

Post->nortem Appearances. — The post-morlem appearancee from ft 
fatal dose of liquid chloroform mainly resolve themselves into redness of 
the mucous membrane of the stomach, though occasionally, as in Pom- 
eroy's case, there may be an ulceration. In a case recorded by Hoffman,* 
a woman, aged thirty, drank 35 to 40 grma. of chloroform and died 
within the hour. Almost the whole of tho cliloroform taken wa» 
found in the stomach, as a heavy fluid, coloured green, through the bile. 
The epithelium of the pharynx, epiglottis, and gullet, was of a dirty 
colour, partly detached, whitened, softened, and easily stripped ott 
The mucona membnme of the stomach was much altered in colour and 
consistence, and, with the duodenum, was covered with a tenacioos grq[» 
slime. There waa no ecchymosis. 



TJte Vapour of Chloroform. 

Accidents occur far more frequently in the use of chloroform T«ponr' | 
for anteatbetic purposes than in use of the liquid. 

S/af^istics.— Host of the cases of deaths through chloroform -vapour, i 
are those caused accidentally in surgical and modicai practice. A smaller | 
• Lehrbuth der Qer. Mfdicin, 8te Aufl. 
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lAnmber are snicicUl, while for criminal purposes its nse is extremely 
infrequent. 

The percentage of deaths cansed by chloroform a<l miniate red dnring 
operations, is unuccountably different in different years, times, and 
places. The diveraity of opinion on tlie subject is partly (thongh not 
entirely) explicable, by the degrees of purity in the anfeathetic adminis- 
tared, the different modes of administration, the viirying lengths of time 
of the anaesthesia, and the varying severity of the operations. 

During the Crimean war, according to Baiidena and Quesnoy, 
30,000 operations were done under chloroform, but only one death 
occurred uttribiitahle to the anfflsthetic. Sansom* puts the average mor- 
tality at 'To per 10,000, Nussbaum at 1-3, Eichardson at 2'8 f Morgan J 
at 3 '4. In the American war of secession in 11,000 operations, there 
were seven deaths— that is G-3 per 10,000, the highest number on a large 
jtoale which appears to be on record. 

Suicidal and Crimiiml Poixoning by Chloroform. — Suicidal poison- 
ing by chloroform will generally be indicated by the surrounding 
circnm stances ; and in no case hitherto reported has there been any 
difficulty or obscurity aa to whether the narcosis was self-induced or 
not. An interesting case is related by Schanenstein, § in which a physi- 
cian resolved to commit suicide by chloroform, a commencing amanrosis 
having prej'ed npon his mind, and his choice having been determined by 
witnessing an accidental death by this agent. He accordingly plugged 
his nostrils, fitted on to tlie face an appropriate mask, and fastened it 
by stripa of adhesive plaster. In such an instance, there could be no 
doubt of the suicidal intent, and the question of accident would be entirely 
out of the question. 

A dentist In Potsdam, | in a state of great montal depression from 
embarrasBed circumstances, killed his wife, himself, and two children 
by chloroform. Such crimes are fortunately very rare. 

There is a vulgar idea that it is possible, by holding a cloth saturated 
with chloroform to the mouth of a sh'eping person (or one, indeed, per- 
fectly awake), to produce a tiidden insensibility ; but such an occnrrence 
isagainst aU eiperimental and clinical evidence. It is tnie that a ner- 
voufl person might, under such circnmstancos, faint and become insensi- 
ble by mere nervous shock ; but a true sodden narcosis is impossible. 

Dolbeau has made some interesting experiments in order to ascertain 

" Chloroform; its Actjon, ic," London, 1865. 
t Mfd. Ti7ms and Gazelle, 1870. 
tMed. Soe. of Yirgiavt. 1813. 

§Maschk8 : Baiidlntch der Gerichtlich. Mediein, p,7e7. Tabiugen, 1862. 
I Casper : MandbueA dir Ger. Med. 
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whether nnder any circnmatancGe a sleeping person might be smeetbe* 
tised. The niiiiu result appears to answer the question in the affirmative, 
at lea^t with cfrtain persons ; but even with these it can only be done by 
using the greatest skill and care, first allowing the sleeper to breathe veij 
dilute chloroform -vapour, and then gradually exhibiting stronger doseSi 
and taking the cloth or inhaler away on the slightest ^fmptom of ap- 
proaehing wakefnlnesB. In 75 per cent, of the cases, however, the indi- 
viduals awoke almost immediately on being espoaed to the vapour. Thia 
cautious and scientific narcosis, tbeu, is not likely to be used by the crimr 
inal class, or, if used, to be successful. 

Symptoms.- — There is but little outward difference between man and 
animals, in regai-d to the Evrnptoma caused by breathing chloroform 
the former we have the advantage that the sensations preceding uarcosit 
can be described by the individual. 

The action of chloroform is usually divided into three more or leal 
distinct stages. In the_;fr5^ there is a " drunken " condition, changes 
the sense of smell and taste, and it may be hallucinations of vision and 
hearing; there are also often curious creeping sensations about the 
skin, and sometimes excessive muscular action, causing violent stragglt 
I have also seen epileptiform convulsions, and delirium is almost olwayi 
present. The face during thia stage is generally flushed, covered witii 
perspiration, and the pupils coutmcted. The first stage may last from 
one minute to several, and then pass into the second stage, or that ot 
depression. Spontaneous movements cease, sensibility to all external 
stimuli vanishes, the patient falls into a deep sleep, the consciousness it 
entirely lost, and reflex movements are more and more annihilated. The 
temperature is less than normal, the respirations are slow, and the pulse 
is full and slow. The pupils in this stage are usually dilated, all the 
muscles are relaxed, and the limbs can be bent about in any direction. 
If now the inhalation of chloroform is intermitted, the patient wakes 
within a period which is usually from twenty to forty niinntee, bat may 
be several hours after the last inhalation. 

The third stage is that of paralysis ; the pulse becomes irregnliu', 
the respirations superficial, there is a cyanotic colouring of the lipa ani- 
skin, while the pupils become widely dilated. Death follows qniokly 
through paralysis of the heart or respiratory centres. 

According to Sansom's facts,* in 100 cases of death by chlorofomii 
44 'C per cent, occurred beforethe full narcosis had been attained, that it 
in the first stage, 34-7 during the second stage, and 20'C shortlyafter. 
So, also, Kappeler has recorded that in 101 cases of death from chlorfr 
form, 47"7 per cent, occurred before the full effect, and 5'i-2 during tlie 
full effect. This confirms the dictum of Billroth, that in all st«<res of 
•Op. Cil. 
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mtesthesja by chloroform, death may occur. The quantity of chloro- 
iorm, which, when inhaled in a, given time, will produce death, la 
nuknowii, for all depends upon the greater or less admixture of air, and 
probably on other conditions. It has been laid down, that the inhala- 
tion of chloroform should be bo managed as to insure that the air 
breathed shall never contain more than 3'fi per cent, of chloroform. 
Fifteen drops have caused death, but Taylor, on tlie other hand, records 
« case of tetanua, treated at Guy's Hospital, in which no less a quantity 
than TCK) grms, {22-5 oz.) was inhaled in twenty-four hours. Frequent 
breathing of chloroform in no way renders tho individual safe from fatal 
accident. A lady* having repiiitedly taken chloroform, was anseslhe- 
tised by the same agent merely for the purpose of having a tooth 
extracted. About 6 grms. (1-5 dnn.) were poured on a cloth, and after 
Jsine to ten inspirations, dangerous symptoms began — rattling breathing 
'»nd convulsive movements — and, despite all remedies, she died. 

Chronic chloroform poisoning is not unknown. It leads to various 
ailments, and seems to have been in one or two instances tho cause of 
insanity. 

Buchner records the case of an opium-eater, who afterwards took to 
chloroform ; he suffered from periodic mania. In u remarkable case re- 
lated by Meric, the patient, who had also first been a morphine eater, 
took 350 grms. of chloroform in five days by inhalation ; as often as he 
woke he would chloroform himself again to sleep. In this case, there 
was also mental disturbance, and instances in which chloroform produced 
marked mental aberration are recorded by Bohmf and by Vigla.t 

Ponf-Mortem Appearances. — The leaons found on section are 
neither peculiar to, nor characteristic of, chloroform poison. It has been 
noted (hat bubbles of gas are. from time to time, to be observed after 
death in the blood of those poisoned by chloroform, but it is doubtful 
whether the bubbles are not merely those to be found in any other corpse 
—in 189 cases, onlyeighteen times were these gas-bubbles observed,§ so 
that, even if they are characteristic, the chances in a given case that they 
will not be seen are greater than the reverse. The smell of chloroform 
may he present, but has been noticed very seldom. 

The Detection and Estimation of Chloroform from organic sub- 
stances is not difficult, its low boiling point causing it to distil readily. 
Accordingly (whatever maybe the ultimate modifications as suggested by 
different experimenters) the first step is to bring the substances, unless 
fluid, into a pulp with water, and submit this pulp to distillation by the 

• Edin. Med. Journ.. 18M 

t ZiemBaen'sffandbUfh. 6d. IS. 

iMrd. nm,». 18.15. 

§ Schauoemtein. (Op. eil.) 
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heat of a water-batli. If the liquid operated upoo possesses no particolar 
odour, the chloroform oiay in this wny be recognified iu the distillate, 
which, if necessary, may be redistilled in the same manner, so aa to con- 
centi-ate the volatile matters in & small compass. 

There are four chief tests for the identification of chloroform ; — 
(1.) The final distillate is tested with a little aniline and an alcO- 
hohc solution of soda lyu ; either immediately, or upon gently warming- 
the liquid, there is a pecuhar and penetrating odour of benzo-isonitrilo 
(C,H,N), Chloral, trichloracetic acid, bromoform and idoform also giva 
the same reaction ; on the other hand, ethylidene chloride does not yield 
under these circumstances any isonitile. 

(2.) Chloroform reduces Fehhng's alkaline copper solution, when 
applied to a distillate, thus excluding a host of more fixed bodies which 
have the same reaction ; it is a very excellent teat, and may be madfr 
quantitative. The reaction ia as follows : — 

CnCl,+5KnO+2CnO=Cu,0+KiCO,+3KCl+3H,0 

thus, every 100 parts of cuprous oxide equals 88'56 of chloroform. 

(3.) The fluid to be tested (which, if acid, should be neutralised), is 
distilled in a slow current of hydrogen, and the vapour conducted through 
a short bit of red-hot combustion- tube containing platinum gauze. Un- 
der these circumstances, the chloroform is decomposed and hydrochloric 
acid formed ; hence, the issuing vapour has an acid reaction to test paper, 
and if led into a solution of silver nitrate, gives the usual precipitate of 
argentic chloride. Every 100 parts of silver chloride equal 27'758 of 
chloroform. 

(4.) The fluid is mixed with a little thymol and potash ; if chlon^ 
form be present, a reddish -violet colour is developed, becoming more dis- 
tinct on the application of heat." 

For the quantitative estimation of chloroform the method recom- 
mended by Schmiedebergt is, however, the beat. A combustion-tube of 
24 to 26 cm. long, and 10 to 12 mm. in diameter, open at both ends, and 
made of glass fusible with difficulty, is furnished at the one end with a plug 
of asbestos, while the middle part, to within 5-6 cm. of the other end, 
is filled with pieces of caustic lime, from the size of a lentil to that of 
half a pea. The lime must be pure, and is made from heating a carbon- 
ate which has been precipitated from calcic nitrate. The other end of 
the tube is closed by a oork, carrying a silver tube, 16-18. era. long, and 

• S. Vidali in DmtKh-AmeHkan. Apoth.-Zeitujig, vol. iij., Aug. 15, 18SS. 
t UrlitT die qriantitative Beatimtnung des CMoroformi m BhtU. Inaug. Ito- 
sert., Dorpat. 1866. 
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'4 mm, thick. The end containing tlie asbestos plag is fitted by a cork 
to a glaaa tnbe. The com bust ion- tube thus prepared is placed in the or- 
diniirj eombustion-fnmace ; the fliiak contnining the chloroform is adapt- 
ed, and the diBtillation slowly proceeded with. It is beat to add a tube, 
bent at right angles and going to the bottom of the flaEk.. to draw air 
continuously through the ajiparatua. During the whole process, the tube 
containing lime is kept at a red heat. The chloroform is decomposed, 
and the chlorine combines with the lime. The resulting cjdcic chloride, 
mised with much unchanged lime, is, at the end of the operation, cooled, 
dissolved in dilute nitric acid, and precipitated with silver nitrate. Any 
silver chloride is collected and weighed and calculated into chloroform.* 



VI.— OTHER ANESTHETICS. 

When chlorine acts upon marsh-gas, the hydrogen can be displaced 
atom by atom ; and from the original methane (CH,) can be successively 
obtained chloromethane or methyl chloride (CH,C1), dichlorome thane, 
or methene dichloride, methylene dichloride, (CH,C1,), trichlororaethane 
or chloroform, (CHClj), already described, and carbon tertrachloride 
{CCl,), All these are, more or less, capable of producing antesthesia ; 
but none of them, save chloroform, are of any toxicological importance. 

Methene dichloride, recommended by Dr. W. B. Richardson as an 
ansesthetic, has come somewhat into use. It is a colourless, very volatile 
liquid, of specific gravity 1-360, and boiling at 41°. It bums with a 
amoky flame, and dissolves iodine with a brown colour. 

Paraldehyde (C,H|,Oj) is a colourless fluid, boiling at 124° ; specific 
gravity '998 at 15". By the action of cold it may be obtained in crystals, 
^e melting point of which is 10-5°. It is soluble in eight parts of water 
at 13° , in warm water it is less soluble ; hence, on warming a solution, 
it becomes turbid. Paraldehyde acts very similar to chloral ; it causes a 
deep sleep, and (judging by experiments on animals) produces no con- 
Tulsive movement-s. Possibly it is less dangerous than chloral, and might 
snpplant the latter as a remedy, (See a [taper in the Archivfur Exper. 
Palhol M. Pharmakol, Leips., 1882). 

" S. Tidali has made the ingeniouB auggeetion of developing hydrogen in the 
usual way, by meann of zinc and Hulphuric acid, in the liquid supposed to con- 
tain chloroform, to ignite the hydrogen, as in Marsh's test, when it issues from 
the tube, and then to hold in tlie flame a clean copper wire. Since any chloro- 
form is bnmt up in the hydrogen flnme to hydrochloric acid, the chloride of cop- 
per immodiatety volatilises and colours the flame green. 
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vn.— CHLORAL. 

Chloral Hydrate (C,HjCljO,) is made by mixing equivalent qnanti- 
ties of anhydrous chloral * and water. The purest chloral is in the form 
of SDiall, granular, sugar-like crystals ; when less pure, the cryBtald are 
larger. These melt into a clear fluid at from 48° to 49°, and the melted 
mass aoliditios again at a little below 50°. Chloral boils at fl~*5° ; it i& 
not very soluble in cold chloroform, requiring four times its weight. 
The only substance with which chloral hydrate may well be confused a 
chloral alcoholate (CjILCljO,) but chloral alcoholate melts at a lower tem- 
perature (iS"), and boils at a higher (IIS'S") ; it is easily soluble in cold 
chloroform, and infiames readily, whereas chloral scarcely bums. 

Chloral hydrate completely volatilises, and can be distilled in a vac- 
uum without change. If, however, boiled in air, it undergoes slow de- 
composition, the first portions of the distillate being overhydmted, the 
last underhydr.ited ; the boiling point, therefore, undergoes a continuous 
rise. The amount of hydration of a commercial sample is of practical 
importance ; if too much water is present, the chloral deliquesces, espec- 
ially in warm weather ; if too little, it may become acid, and in part in- 
soluble from the formation of mota-chloral (0,HjCl,Oj). Chloral hydrate, 
by the action of the volatile or fixed alkalies, is decomposed, an alkaline 
forraiate and chloroform resulting thus — 



CHCl30.H,O+NftHO=KCH0rfUiO+CECla. ■ 

Trichlor-aeetic acid is decomposed in a similar manner. I 

It is, of course, obvious that after splitting up chloral into chloro- \ 
form, the latter can be detected by distillation and applying the testa - 
given at p. 131 and seq. Chloral hydrate is soluble in one and a half 
times its weight of water ; the solution should be perfectly neutral to 
litmus. It is also soluble in ether, in alcohol, and in carbon disulphide. 
There should be no cloudiness when a solution is teste<l with silver 
nitrate in the cold ; if, however, to a boiling solntion nitrate of diver 
and a little ammonia are added, there is a mirror of reduced silver. 

The assay of chloral hydrate in solution is best effected by dis- 
tilling the solution with slaked lime, the distillate is received in water 
contiiined in a graduated tube, kejit at a low tempeniture. The chloro- ' 
form sinks to the bottom and is directly read off ; the number of co. mul- 
tiplied by 2'64 equals the weight of the chloral hydrate present. 



• Anhydtons chloral (CiHCljO), ia an oily liquid, of apeciflo Rravity I'SOSal 
16°i it boils at 94°. It is obtained by the prolonged action of chlorine a 
lute alcohol. 
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Anotfa^ method, accnnite but only applicable to the fairly pure aub- 
Btanoa, is to diaHoIve 1 to 2 grms. in water, removo auy free acid by baric 
carbonate, and thcu treat the liquid thus 
purified by a known volume of standard 
aoda. The Boda is now titrated back, using 
litmus as an indicator, each cc. of normal 
alkali utnilised by the sample corresponds 
to 1-C55 grma. of chlorul hydrate. Small 
quantities of chloral hydrate may be con- 
veniently recovered from complex hquids by 
shaking them up with ether, and removing 
the ethereal layer, in the tube represented 
in Fig. 10. The ether must be allowed to 
evaporate spontaneously ; but there is in this 
way much lose of chloral. The best method 
of estimating minute quantities is to alka- 
lise the liquid, and slowly distil the vapour 
through a red-hot combustion- tube charged 
with pure lime, ae in the process described 
at p. 133. 

Effects of Chloral Hydrate on Animala. 
— Experiments on animals have tanght us 
all that is known of the physiological action 
of chloral. It has been shown that the drug 
influences very considerably the circulation, 
at first exciting the heart's action, and then 
paralyaing the automatic centre. The heart, as in animals, poisoned by 
atropine, stops in diastole, and the blood-pressure sinks in proportion to 

•The figure ia from rol. i., " Foods." p. 69, the description may be here re- 
peated : — "A iHa tube of auy dimenaioofl mOHt conTenient to the analyst. Ordi- 
nary burette aize will perbaps be the most suitable for routine work ; the tube ia 
foroished with a stopcock and ia bent at B, the tube at K having a very small 
but not quite capillarj bore. The lower end is attached to a length of preasute- 
tubing, and ia connected with a amiill reservoir of mercury, moving up and don^ 
by meana of a pulley. To iiae the apparatus : Fill the tube with mercury by 
opening the clamp at H, and the stopcock at B. and raising the reservoir until 
the mercury, if allowed, would flow out of the beak. Now, the beak is dipped 
Into the liquid to be extracted with the solvent, and by lowering the reservoir, a 
strong vacuum is created, which draws the liquid into the tube ; in the eame 
way the ether is made to follow. Should the liquid be so thick that it ia not pos- 
sible to get it in by means of suction, the lower end of the tube is disconnected, 
and the syrupy mass worked in through the wide end. When the ether has 
been sucked into the apparatus, it is emptied of mercury by lowering the reser- 
Toir, and then flnnly clamped at H. and the stopcock also cloaed. The tube may 
now be shaken, and then allowed to stand for the liquids to separate. When 
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tlie progreBsiye paralysis of the cardiac centre. At the same time, tin 
respiration is slowed and finally ceases, while the heart contianes to h 
The body temperature of the warm-blooded animals is very remarkubl] 
depressed, according to Falek, even to 7't>°. Vomiting has been rathos 
frequently observed with dogs and eats, even when the drug has beeit 
taken into the system by subcutaneous injection, 

■The secretion of milk, according to Rohrig, is also diminiaUc-d. Be- 
fles actions through small doses are intensified ; through large, mucli 
diminished. -O'^S-'OS grm. {■i--7 grain), injected aubcutaneously into 
frogs causes a slowing of the respiration, a diminution of reflex excitabit 
ity, and lastly, its complete cessation ; this condition lasts several honraf 
at length the animal returns to its normal state. If the dose is raised to 
•1 grm, {1 -5 grain) after the cessation of reflex movements, the heart i 
paralysed — and a paralysis not due to any central action of the vugii% 
but to a direct action on the cardiac ganglia. Rabbits of the ordinoij, 
weight ot 2 kilos, are fully narcotised by the subcutaneous injection of 1; 
grm. ; the sleep ia very profound, and lasts several hours ; the aninud 
walcea up spontaneously, and is apparently none the worse. If 3 grma.. 
are administered, the narcotic effects, rapidly developed, are much pro- 
longed. There is a remarkable diminution of temperature, and the ani--. 
mal dies, the respiration ceasing withqut convulsion or other sign. Mod- 
erate-sized dogs require 6 grms. for a full narcosis, and the symptoms att 
similar ; they also wake after many hours, in apparent good health." 

Liebreich considered that the action of chloral was due to ita being 
broken up by the alkali of the blood, and the system being thus brought 
into a state precisely similar to ita condition when anffisthetised by chloro* 
form-vapour. This view has, however, been proved to be erroneonii 
Chloral hydrate can, it is true, be decomposed in some degree by tbl 
blood at 40° ; but the action must be prolonged for several hours. A ] 
per cent, solution of alkali does not decompose chloral at a blood-heat ii 
the time within which chloral acts in the body ; and since narcotic effect 
are commonly observed when, in the fatty group, hydrogen has been dis- 
placed by chlorine, it is more probable that chloral hydrate is absorbed 
and oireulates in the blood as such, and ia not broken np into chloroform 
and an alkaline formiate. 

there ia a i^ood line of demarcation, by raising; the reservoir after opening 
clamp and stopcock, the whole of tlie liglit solvent can be run ont of thetubft 
into a flask or beaker, and recovered by di^illation. Fnr heavy solvents fsuch K 
chloroform ). which sink to the bottom , a simple burette with a fine exit tube ii 
preferable ; but for petroleum ether, ordinary ether, ic. , the apparjitus fi^^ured *■ 
extremely useful. 

•C, Ph. Falck has divided the sj-mptoma into (1) Preliminary- hypnotic ;(9 
an adynamic state ; and (3) a comatose condition. 
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EffacU rtf Chlo-ral JTydraia on Man. — Since the year 1869, in which 
I chloral was first introduced to medicine, it has been the cause of a mim- 
i ber of accidental and other cases of poisoning. I find, up to the present 
J time, recorded in medical literature, thirty-one cases of poisoning hj 
I chloral hydrate. This numher is a smiill proportion only of the actual 
number dying from this cause. In nearly all the cases, the poison wjis 
taken by the mouth, but in one instance the patient died in three hours, 
after having injected into the rectum 5-S6 grms. of chloral hydrate. ■ 
There is also on record a case in which, for the purpose of producing sur- 
gical amesthesia, 6 grms. of chloral were injected into the veins ; the 
man died in as many minutes.* 

J^alnl Dose. — It is impossible to state with any exactness the precise 
quantity of chloral which may cause death. Children bear it better, in 
proportion, than adults, while old persons, (especially those with weak 
hearts, and those inclined to apoplexy) are likely to be strongly affected 
by very small doses, A dose of '19 grm. (3 grains) has been fatal to a 
child a year old in ten hours. On the other hand, according to Bouchut's 
observations on 10,000 children, he considers that the full therapeutic 
effect of chloral can be obtained safely with them in the following 
ratio : — 

CQiUdTen o( 1 to 8 jears. dose 1 to 1-5 grm. (I5'4 to 231 grain.) 
8 "5 " 8 •' 3 ■' (308 ■■468 " ) 

5 ..7 .. 3 .,4 .. ^49,3 ..31-7 .. -J 

These quantitiDS being dissolved In 100 cc. of water. 

These dosea are certainly too high, and it would be dangerous to 
take them as a guide, since death has occurred in a child, aged five, 
from a dose of 3 grm. (4G-3 grains). Medical men in England consider 
20 grains a very foil dose for a child of four years old, and 50 for an 
adult, while a case is recorded in which a dose of 1*9 grm. {30 grains) 
proved fatal in thirty-five hours to a young lady aged twenty. On the 

•Tliis daDgerous practice was introduced by M, Ore. Ina case of trauniatie 
tetanus, in which M. Ore injected into the veins 8 grms. oC chloral in 10 grms. of 
water, there waa profound inBeuaibility lasting eleven hours, during wliich time 
a painful operation on the thumb was performed. The next day 10 gmiB. were 
injected, when the insensibility lasted eight hours ; and 9 grms, were injected on 
each of the two following dnya. The man recovered. In another caae, Ore an- 
nsthetieed immediately a patient by plunging the subcutaneous needle of hia 
syringe into the radial vein, and injected 10 gmiB. of chloral hydrate with 30 of 
water. The patient became insennible before the whole quantity was injected 
with "uneimrTiobilitirapellaiit rdle (In cadttvrr." On finishing the oi>eratioa, 
the patient was roused by the applicntion of an electric current, one pole on the 
left side of the neck, the other on the epigastriiun. —JoMni. do. Phnrm. el de CInmie. 
t. IB, p. 314. 
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other hand, we find a case* in which, to a patient suffering from epilep- 
tic mania, a doae of 31 '1 grras. (1 oz) of chloral hydrate was adminis- 
tered ; she sank into a deep sleep in five minutes. Subcutaneous injec- 
tions of stryclininB were applied, and after sleeping for forty-eight houns, 
there was recovery. On the third day a vivid scarlatinal rash appeared, 
followed by desquamation. The exiimples quoted — the fatal dose of 
1'9 grm., and recovery from 31 grma. — are the two extremes for adiilt& 
From other cases, it appears tolerably plain that most peoi>le would 
recover, especially witli ap]]ropriate treatment, from a single doee 
under 8 grms., but anything above that quantity taken at one time 
would Iw very dangerous, and doses of 10 grras. and above, almost 
always fatal. If, however, 8 grms. were taken in divided doses during 
the twenty-four honrs, it could (according to Dr. Richardson) be done 
with safety. The time from the taking of the poison till death xanet 
considonibly, and is in pai-t dependent on the dose. 

In seven cases of lethal poisoning, three persona who took the small 
doses of 1'25, 3'5, and 1-95 grm. respectively, lived from eight to ten 
hours ; two taking i and 5 grms. respectively, died very shortly after the 
administration of the chloral. In a sisth case, related by Brown, in 
which 3"13 grms. had been taken, the patient lived aa hour; and ifi 
another, after a dose of 5 grms., recorded by Jolly, death took place 
within a quarter of an hoar. 

Symptoms. — With moderate doses there are practically no Hymptoma, 
save a drowsiness coming on imperceptibly and followed by heavy sleep. 
With doses up to 2 grms. {30'8 grains), the hypnotic state is perfectly 
under tbe command of the will, and if the person chooses to walk about 
or engage in any occupation, he can ward ofE sleep ; but with those 
doses which lead to danger, the narcosis is completely uncontrollable; the 
appearance of the sleeper is often strikingly like tliat of a drunken per- 
son. There is great diminution of temperature commencing in from 
five to twenty minutes after taking the dose — occasionally sleep id pre- 
ceded by a delirious state. During the deep slumber the face i8 mnch 
flushed, and in a few cases the sleep passes directly into death withont 
any marked change. In others, symptoms of collapse appear, and the 
patient sinks through exhaustion. 

With some persons doses, which, in themselves, are insufficient to 
cause death, yet have a peculiar effect on the mental facnltics. A case 
of great medico-legal interest is described by the patient himself, Dr. 
Manjott He took in three doses, hourly, 12 grms. of chloral hydrate. 
After the first dose the pain, for which he had recourse to chloral, Tan- 

• Chicago Mudical Rmiao, 1883. 
\Giu. dcaHop., 1875. 
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ted, b«t, Maujot, although he had all the appearance of being per- 
■.jBctly conscioutj, yot had not the slightest knowledge of what he waa 
doing or speaking. He took the other two doses, and sank into a deep 
sleep which laateil twelve hours. He then awoke and answered queatious 
with difficulty, but could not move ; he lay for the next twelve hours in 
a half-alumber, and the following night slept soundly — to wake up 
recovered. 

The treatment of acute chloral poisoning which has been most suc- 
cessful is that by strychnine injections, and the application of warmth to 
(counteract the loss cf temperature which ia so constant a phenomenon. 
Jta un illustration of the treatment by strychnine, an interesting case 
recorded by Levinstein* may be quoted, 
A man, thirty-five years old, took at one dose, for the purpose of 
■uieide, 24 grras, of chloral hydrate. In half a hour afterwards he waa 
found in a deep sleep, with flushed face, swollen veins, and a pulse 160 
in the minute. After a further half-hour, the congestion of the liead 
waa still more striking : the temperature waa SS'S" ; the pulse hard and 
bounding 92; the breathing laboured, at times intermittent. 

JArtificiid respiration was at once commenced, but in spite of this, in 
about another h;ilt-hoiir, the face became deadly pale, the temperature 
■onk to 33-9°. The pupils contracted, and the pulse was scarcely to be 
felt; 3 mgrms. (-04 grain) of strychnine were now injected subcutane- 
ously ; this caused tetanic convulsions in the upper part of the body and 
trismus. The heart's action again became somewhat stronger, the tem- 
jwratura rose to SS'S", and the pupils dilated ; but Boon followed, again, 
depression of the heart's action, and the respiration could only be kept 
going by faradisation. Two mgrms. (-03 grain) of strychnine were once 
more injected, and the heart's action improved- During the succeeding 
six hours the respiration had to be assisted by faradisation. The tem- 
perature gradually rose to 36-5° ; ten hours after taking the dose the 
patient lay in a deep sleep, breathing spontaneously and reacting to ex- 
ternal stimuli with a temperature of aS.S" Eighteen hours from the 
commencement, the respiration again became irregular and the galvanic 
current waa anew applied. The last application aroused the sleeper ; he 
took some milk and again slept ; after twenty-seven hours he could be 
awakened by calling, &c., but had not full consciousness ; he again took 
some milk and sank to sleep. It was not nntil thirty-two hours hud 
elapsed from the ingestion of the poison that he awoke spontaneously ; 
there were no after effects. 

Chronic Poisoning hy Chloral Hydrate.— A]\ enormous number of 
people take habitually chloral hydrate. The history of the habit ia 

• VUrie^hrsKhr. f. Gcr. Mi-d., Bd. is, 1874. 
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nanoUy that some phyaician has given them a chloral prescription to 
neuralgia, for loss of sleep, or other cause, and finding that they can 
conjure sleep, oblivion and loss (it may be) ot aufleriug whenerer thi^ 
choose, they go on repeating it from day to day until it becomes a nece*> 
sity of their existence. A dangerous facility to chloral-drinking is thA 
esiatence of patent medicines, advertised as sleep-producera, and con- 
taining chloral as the active ingredient. A lady aged thirty-five died in 
1876, at Exeter, from an overdose of " Hunter's solution of chloral, or 
sedative draught and sleep producer." Its strength was stated at the 
inquest to be 25 grains to the drachm (1'6 per cent.)* 

The evil results of this chloral drinking are Especially to be looked 
for in the mental faculties, and the alienists have had since 1869 a new 
insanity-producing factor. In a \"iait made a little time ago to some of 
the leading asylums, I found several cases of melancholia and mania re- 
ferred rightly (or wrongly) to chloral -drinking. Symptoms otlier than 
those of the brain are chilliness of the body, inclination to fainting, 
clonic convulsions, and a want of coordination of the muscles of the 
lower e.itremitiea. In a case recorded by Husband, f a lady, after twelva 
days treatment by chloral hydrate, in doses of from 1 to 2 grms. {15"4 to 
30-8 grains), suffered from a scarlatina- like rash, which was followed by 
desquamation (sec also ante, p. 13S). Among the insane, it has also 
been noticed that its use has been followed by nettle-rash and petechiae 
(Reimer and others). 

The exact manner in which chloral leaves the body is not sufficient- 
ly worked out ; a small part is excreted undecomposed, and, according to 
Musculus and llering,! a part is excreted in the form of uro-chloral acid. 
This acid occurs in colonrlessgroops of needles similar to tyrosin. They are 
soluble in alcohol, in ether-alcohol, and in water, but insoluble in ether. 
They turn a ray of polarised light to the left, reduce silver solntions on 
boiling, and colour yellow an indigo solution alkalised by soda. They do 
not respond to the aniline and aoda test (p. 1.33). 

Separation of Chloral from Organic Mutters. — It will be most con- 
venient to place the organic fluid or pulped-np solid, mixed with water, 
in a retort, to acidify with tartnric or phosphoric acid, and to dist-il ; in 
this way, the expert will not confuse chloral with chloroform, for any 
chloroform will pass over, and can be identified by the tests gfiven at p. 
132, and the chloral hydrate, if present, will remain undecompoeed. 
On now making the content* of the retort strongly alkaline, the chloral 
is decomposed, and any chloroform derived from it will distiL If traces 

" Exeter aitd Plymouth Oateite. Jan. 12, 1878, 

i^Lanctt. 1B71. 

X Ber. d. Ckem. Oea., 8 Baud. 
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only are likely to be present (as in operating on the blood or urine), then 
the distillate Bbould not be cotidenBed, but dealt with as recommended at 
p. 132. I have nothing of value to add with I'egavd to the tests already 
enumerated, save that Dr. Frank Ogston* has recommended sulphide of 
ammonium to be added to auy li'iuid as a test for chloral. The contents 
of the Btomuch are filtered or submitted to dialysis, and the test applied 
direct. If chloral is present, there is first an orange-yellow colour; on 
Bfunding, the fluid becomes more and more brown, then troubled, an 
amorphous precipitate falls to ihe bottom, and a peculiar odour is devel- 
oped. With 10 mgrme. of chloral in 1 cc. of water, there is an evident 
precipitate, and the odour can rea»lily be perceived ; with 1 mgrm. dis- 
solved in 1 cc. of water, there is an orange-yellow colour, and also the 
odour, but no precipitate ; with ■! mgrm. in 1 cc, of water, there is a 
weak, pale, slraw-yollow colour, which can scarcely be called characteris- 
tic. The only substance giving in neutral solutions the same reactions 
is antimony ; but on the addition of a few drops of ucid, the antimony 
falls as an orange-yellow precipitate, while, if chloral alone is present, 
there ia a light white precipitate of sul])!i::r. 
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Bisulphide of carbon — carbon diKuJphide, carbon sulphide (CS,) — ia 
a colourless, volatile fluid, strongly refracting light. Commercial sam- 
ples have a most repulsive and penetrating odour, but chemically- pure 
carbon sulphide has a smell which is not disagreeble. The boiling point 
is 47° ; the specific gravity at 0'° is 1-293. It is very inflammable, burn- 
ing with a blue flame, and evolving sulphur dioxide ; is little soluble in 
water, but miies easily with alcohol or ether. Bisulphide of carbon, on 
account of its solvent powers of sulphur, phosphorus oils, resins, caout- 
chouc, gutta-pnrcha, Ac, is in great request in certain industries. It is 
also utilised for disinfecting puqioses, the liquid being burnt in a lamp. 

Poisoning by Carbon Bisulphide. — In spite of the cheapness and 
nnmeroua applications of this liquid, poisoning is very rare. There ap- 
pears to be a case on record of attempted self-destmetion by this agent, 
in which a man took 3 ounces {5G'7 cc.) of the liquid, but without a 
fatal result. The symptoms in this case were pallor of the face, wide 
pupils, frequent and weak pulse, lessened bodily temperature, and spas- 
modic convulsions. Carbon disulphide was detected in the breath by 
leading the expired air through an alcoholic solution of try-etbylphos- 

• VierUiQohriachrift f. Oerichtl. Mcdiefi, 1879, Bd. ixx., Hft 1, 8. 868. 



143 POISONS : THETB EFFECTS AND DETECTION. 

pliin, witli Trhicli it struck a red colour. It cocld also be found in the 
urine in the same way. An intense burning in the throat, giddineag, 
and headache lasted for several days. £3:periinenta ou auiniuls haTe 
been frequent, and it is found to be fatal to all forms of animal life. 
There is, indeed, no more convenient agent for the destruction of varioua 
noxious insects, such as moths, the weevils in biscuits, the common bug, 
&c., than bisulphide of carbon. It has also been recommended for uW' 
in exterminating mice and rata,* 

Different animals show varying degrees of eensitiveaess to the t*-! 
pour ; frogs and cats being less affected by it than birds, rabbits, and 
guinea-pigs. The action on animals seema to have groat similarity to that 
of chloroform. There is complete anjesthesiaof the whole body, and deaUi 
occurs through paralysis of the respiratory centre, bat artificial respii*- 
tion fails to restore life. 

CkroDi'v Foin'iinriff.—Of some importance is the chronic poieoning, 
by carbon disulphide, occasionally met with in manufactures necessitating '■ 
the daily use of large quantities for dissolving caoutchouc, &c. When 
taken thus in the form of vapour daily for some time, it gives rise to i i 
complex aeries of symptoms which may be divided into two principdl 
stages — viz., a stage of excitement, and one of depression. In the first j 
phase, there ia a more or leaa permanent headache, with considerable in- ■ 
digestion, and ita attendant loss of appetite, nausea, &c. The senaitivft- 
ness of the akin i s also heightened, and t liere are curious sensations of creep- 
ing, &e. Tlie mind at the same time in some degree suffers, the temper 
becomes irritable, and singing in the ears and noises in the head havo 
been noticed. In one factory a workman suffered from an acute mania, 
which subsided in two daya upon removing him from the noxious vapour 
(Kulenberg). The sleep ia disturbed by dreams, and, according to Del- 
I)ech,| there is considerable sexual excitement, but this statement has 
been in no way confirmed. Pains in the limbs arc a constant phenome- 
non, and the French observers have noticed apaamodic contractions of 
certain groups of muscles. 

The stage of depression begins with a more or less pronounced an- 
sesthesia of the skin. This is not confined to the outer skin, but also 
affects the mucous membranes ; patients complain that they feel as if 
the tongue were covered with a cloth. The anaesthesia is very general 
In a case recorded by Bernhardt,! a girl, twenty-two years old, who had 
worked six weeks in a caoutchouc factory, suffered from mental weak- 
ness and digestive troubles ; Ihere was aniesthesia andalgeaiaof the whole 

• Clofiz, Compt. Rend.. 03 Bd. 85. 

t Mijiwire sur Ua Accidents que devetoppe ehet les oavrierts en eaoutchoue du 
anJfure de carb. en vnpeur, Paris, 1885. 

t Ber. Klin. WociimKhrifl. So. 32, 1866. 
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skin. la these adranoed cases the mental debility is very pronounced, 
and there is also weakness of the muscular aystem. Paralysis of the lower 
limbs has been noted, aud in one instance a man had his right hand 
panilyBed for two months. It seems uncertain how long a person is 
likely to suffer from the effects of the vapour after he is removed from 
its influence. If the first stage of poisoning only is experienced, then re- 
covery is generally rapid ; but if mental and muscular weakness and un- 
testheaia of the skin have been developed, a year has been known to 
elapse without any considerable improvement, and permanent injury to 
the health may be feared. 

Posi-morlmn Appearances. — The pathological appearances found 
after sudden death from disulphide of carbon are but little different to 
those found after fatal chloroform breathing. 

Detection and Separation of Carbon Di.iidphide. — The estreme vol- 
atility of the liquid renders it easy to separate it from organic liquids by 
distillation. If it is necessary to make a quantitative estimation, then 
the organic or other liquid must be distilled with all the precautions dc- 
flcribed at page 123 when speaking of ether. Carbon disulphide is iden- 
tified (1) by its odour ; (2) by its boiling point ; (3) by its action on 
an alcoholic solution of potash, potaasic xanthogenate (CS,C,HjOK) being 
formed, which gives a yellow precipitate with cupric sulphate ; (l) 
heated with lead nitrate and potash, a black precipitate of lead sulphide 
ia obtained. 

Xanthogenic arid or elhyloiide-sulphocaTbonaU (CSiCiHiOH) is prepared by de- 
oompoeing potassic xaatliogenate bj diluted hydrochloric or aulpburic acid. It 
IB a colourlesa fluid, having an unpleasant odour, and a weakly acid, and rather 
bitter taate. It bums with a blue colour, and is easily decompoBed at 34°. split- 
ting up into ethylic alcohol aud hydric sulphide. It ia very pnisonous. and has 
an anesthetic action similar to bisulphide of carbon. 

Potaa*ic xanthogenate (C3,CUjOK) anrf potitask 3Mn(Anm!/:ofe(CS,C.H„OK) 
(the latter being prepared by tbe substitution of amyl alcohol for ethyl alcohol) 
both on the application of a heat below that of tbe body, develop CSt, and are 
poisonous, inducing symptoms very Bimilar to those already detailed. 



IX.— CARBOLIC ACID. 

Carbolic Acid. Si/n. Phenol. Phen-yl Alcohol, Phent/Uc Hydritin ; 
Phetiic Acid; Coal Tar Creosote. — The formula for carbolic acid is 
C,HsHO. The pure substance ap]>ear9 at tbe ordinary temperature as a 
oolonrlesB solid, crystallising in long prisma ; the fusibility of the crystals 
is given varionaly by different authors ; from my own observation, I be- 
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Ueve the pure crystals to melt at about 42°, any lower melting-point beii 
due to the presence of croeylic acid or other impurity ; the crystals aga 
become Bolid about 15°, Melted carbolic acid forms u colourless limj 
fluid, sinking in water. It boils under the ordinary pressure at 
and distils without decompoaition ; it is very readily and completely dis- 
tilled in a vacuum at about the temperature of llX)". After the crystaU 
have been exposed to the air, they absorb water, and a hydrate is formed 
containing 16'07 per cent of water. The hydrate melta at 17°, any 
greater hydration prevents the crystalliBation of the acid ; a carbolic 
acid, containing about 27 per cent, of water, and probably correspond- 
ing to the formula C,II,0,2H,0, ia obtained by gradually adding water 
to carbolic acid so long as it continues to be dissolved. Such a hydnU 
dissolves in ll'l times its measure of water, and contains 8-5t> per cent. 
of real carbolic acid. Carbolic acid does not redden litmus, but pro- 
duces a greasy stain on paper, disappearing on exposure to the air ; it 
has a peculiar smell, a burning, nnmbing taste, and in the fluid state it 
strongly refracts light. Heated to a high temperature it takes fire, and 
bums with a sooty flame. 

When an aqueous solution of carbolic acid is shaken up with ether, 
benzene, carbon disuiphide, or chloroform, it is fully dissolved by tli* 
solvent, aud is thus easily separated from most solntions in which it ex- 
ists in the free state. Petroleum ether, on the other hand, only sligbtlf 
dissolves it in the cold, more on wai'ming. Carbolic acid mixes in nil 
proportions with glycerine, glacial or acetic acid, and alcohol. It coag- 
ulates albumen, the precipitate being soluble in an excess of albumen ; it 
also dissolves iodine, without changing its properties. It dissolves many 
resins, and also sulphur, hut, on boiling, sulphuretted hydrogen is disen- 
gaged. Indigo blue is soluble in hot carbolic acid, and may be obtained 
in crystals on cooling. Carbolic acid is contained in castorenm, a secre- 
tion derived from the beaver, but it has not yet been detected in the Tim- 
etable kingdom. The source of carbolic acid is at present coal-tar, from 
which it is obtained by a process of distillation. There are, however. % 
variety of chemical actions in the course of which carbolic acid ia formed. 

The common disinfecting carbolic acid is a dark-reddish liquid, with 
a very strong odour, containing carbolic acid, cresylic acid, and other 
phenols. It ia officinal in Germany, and there must contain at least 50 
per cent, of the pure carbolic acid. The pure crystalliaed acid ia offici- 
nal in our own and all the continental pharmaeopceias. In the British 
Pharmacopteia, a solution of carbolic acid in glycerine is officinal ; the 
proportions are one part of carbolic acid and four parts of glycerine, that 
is, strength 20 per cent. The Pbarmacopoiia Germanica hus a Itguitf 
nairi carbolici, made with five parts carbolic acid, one caustic soda, and 
four of water; strength in carbolic acid =50 per cent. There is alsd ft 
strongly alkaline crude sodic carbolute in use as a preser\'ative of wood. 
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There are TftriouB disinfecting fluids coBtaining various amounts of 
carbolic acid, from H) iier cent, upwards, llaiiy of these are somewhat 
complex mistures, but, as a rule, any poisonous properties they possess 
are mainly due to their content of carbolic add. A great variety 
of disinfecting powders, under viirious names, are also in commerce, de- 
riving their activity from carbolic acid. Mocdougall's <1 is infecting 
powder is made by adding a certain proportion of impure carbolic acid to 
a calcic sulphite, which is prepared by passing Bnlphur dioxide over 
ignited limestone. 

Calvert's carboUc acid powder is made by adding carbolic acid to the 
siliceous reeidne obtained from the manufacture of aluminic sulphate 
from shale. There are also various carbolates which, by heating or de- 

, eomposing with sulphuric acid, give off carbolic acid. 

Carbolic acid soaps are also made on a large scale — the acid is free. 
and some of the soaps contain as much ae ten per cent. In the inferioi 

, carbolic acid soaps there is little or no carbolic acid, but crcsylic takes its 
place. Neither the soaps nor the powders have liitherto attained any 
toxicological importance, but the alkaline carbolates are very poisonous, 
T/ie chief uses of carbolic acid are indicated by the foregoing enume- 
ration of the principal preparations nsed in medicine and commerce. 

' The bulk of the carbolic acid manufactured is for the purposes of disin- 
■fection. It is also utilised in the preparation of certain colouring mat- 
ters or dyes, and during the last few years has bad another application in 
the manufacture of salicylic acid. In medicine it is administered occa- 
sionally internally, while the antiseptic movement in surgery, initiated by 
Lister, has given it great prominence in surgical operations. 

Statistics. — Carbolic acid is, of all powerful poisons, the most acces- 
sible, and the most recklessly distributed. We find it at the bedside of 
the sick, in back-kitchens, in stables, in pnblio and private closets and 
iirinala, and, indeed, in almost all places where there are likely to be foul 
odours or decomposing matters. It is, therefore, no wonder that poison- 
ing by carbolic acid has, of late years, assumed large proportions. The 
acid has become vulgarised, and quite as popularly known, as the most 
common household drugs or chemicals* This familiarity is the growth 
of a very few years, since it was not discovered until 1834, and does not 
■eem to have been used by List«r until about 1863. It was not known to 
the people generally until much later. At present it occupies the sixth 
place in fatality of all poisons in England. 

• Although this is so, yet much ignorance still prevails as to Ita real nature. 
In a case reported in tlie Pharm. Journal. 1H81. p. 334, a woman, thirty years of 
age. drank two-thirds of an ounce of liijuitl lnhe\led '■ Pare Carbolic And" by 
mistake, and liied in two liourB. She read the label, and a lodger also read it, 
but did not know what it meant 
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Falck has collected, since tho year 1868, no less than eighty-sevett 
cases of poisoning from carbolic acid recorded iu medical literature. In 
one of the cases the individnul died in nine houi'a from a large dose of 
corbolate of aoda ; in a second, violent symptoms were induced by breatlu 
ing for three hours carbolic acid vapour ; iu the remaining eighty-fir^i 
the poisoning was caused by the liquid acid. Of these eighty-five pep> 
sons, seven had taken the poison with suicidal intent, and of the se\'eii,, 
five died ; tliirty-niue were poisoned through the medicinal use of car- 
bolic acid, twenty-seven of the thirty-nine by the antiseptic treatment 
wounds by carbolic acid dressiugs, and of these eight terminated fatally p 
in eight cases symptoms of poisoning followed the rubbing or painting 
the acid on the skin for the cure of scabies, favus, or psoriasis, and six of 
these patients died. In four cases, carbolic acid enematjt, administered 
tec the purpose of dislodging aacarides, gave rise to symptoms of poison- 
ing, and, in one instance, death followed. 

The substitution of carbolic acid for medicine happened as fol- 
lows : — 

Taken instead of Tincture of Opium. 1 

„ ,, InfuHiiin of Seaua 8 

„ ,, Mineral Water, , S 

., " other MiiturcH 8 

,, inw&rd instead of outward application, .... 8 

la 

Of these twelve, eight died. 

Again, ten persons took carbolic acid in mistake for varions alco* 
holic drinks, such as Schnapps, brandy, ram, or beer, and nine of th* 
ten succumbed ; seventeen persona drank carbolic acid simply " by tntfr 
take," and of these, thirteen died. Thus, of the whole eighty-five oaee%' 
no leas than fifty-one ended fatally, — nearly 60 i)er cent. 

Falal Do/te. — The minimum fatal dose for cats, dogs, and rabbita, 
appears to be from '4 to "5 grm. per kilogram. Falck has put the 
imum lethal doae for man at 15 grms. (331*5 grains), which would bfl 
about '2 per kilo., basing his estimate on the following reasoning. Iki 
thirty-three cases he Ijad a fairly exact record of the amount of acid 
taken, and, out of the thirty-three, he selects only those cases which aw- 
of use for the decision of the question. Among adults in five cases tha 
dose was 30 grms., and all the five cases terminated by death, in time* 
varying from five minutes to an hour and a half. By other five adults a 
dose of 15 grms. was taken ; of the five, three men and one woman died 
iu times varying from forty-five minutes to thirty hours, whil 
woman recoverotl. Boses of 11'5, 10-8, and 9 grms. were taken by dil 
ent men, and recovered from; on the other hand, a suicide who took 




and a half teaspoonfiil (about C grtns.) of the cotieentrated acid, died ia 
fifty miantes. Dososof '3 to 3 grmshave caused syinptoms of poisoning, 
but the jMitientH recovered, while higher doses than 15 grms. in tweke 
cases, with only one exception, caused death. Hence, it may be consid- 
ered tolerably well established, that 15 grms. (231 'o grains) may be taken 
as representing the minimum lethal dose. 

The largest dose from which a person appears to have recovered is, I 
believe, that given in a case recorded by Davidson in which 150 grms. of 
crude carbolic acid had been taken. It must, however, be remembered 
that aa this was the impure acid, probably only half of it was really car- 
I bolic acid. The Uerman Pliarmacopteia prescribes as a maximum dose 
"05 ('7 grain) of the crystallised acid, and a daily maximum quantity 
given in divided doseaof '15 grm, (23 grains). 

Effects on Animals. — Carbolic acid is poisonous to both animal and 
vegetable life. 

Infusoria. — One part of the acid in 10,000 parts of water rapidly 
kills ciliated animalcules, — the movements become sluggish, the sarcode 
Bubatance darker, and the cilia in a little time cease moving. 

Msh. — One part of the acid in 7,000 of water kills dace, minnows, 
roach, and gold fish. In this amount of dilution the effect is not ap- 
parent immediately ; but, at the end of a few hours, the movements of 
the fish become sluggish, they frequently rise to the surface to breathe, 
and at the end of twenty-four hours are found dead. Quantities of car- 
bolic acid, such as one part in 100,000 of water, appear to affect the 
health of fish, and render them more liable to be attacked by the fungus 
growth which is so destructive to fish-life in certain years. 

Froffs. — If -01 to '03 grm, of carbolic acid be dissolved in a litre of 
water in which ii tntg is placed, there is almost immediately signs of un- 
easiness in the animal, showing that pain from local contact is exper- 
ienced ; a sleepy condition follows, nith exaltation of reflex sensibility ; 
convulsions succeed, generally, though not always ; then reflex sensibility 
is diminished, ultimately vanishes, and death occurs ; the muscles and 
nerves still respond to the electric current, and the heart beats, but 
slowly and weakly, for a little after the respiration has ceased. 

Warm-blooded Animah. — For a rabbit of the average weight of 3 
kilo., -15 grm, is an active dose and -3 a lethal dose (that is -15 per kilo). 
The fileepy condition of the frog is not noticed, and the chief symptoms 
are clonic convulsions with dilatation of the pupils, the convulsions pttfis- 
ing into death, without a noticeable paralytic stage. The symptoms ob- 
served in poisoned dogs are almost precisely similar, the dose according 
to body-weight being the same. It has. however, been noticed that with 
doses largo enough to produce convulsions, a weak condition has super- 
vened, causing death in several days. There appears to be no cumulative 



POISO'S : THEIR EFFECTS AND DETECTION. 



action, since eqnal toxic doaea can be given to animslB for some t 
and the laet doae has no greater effect than the first or intermediate 
onea. The pathological appearances met with in animals poisoned by th^ 
minimum lethal doeea referred to arc not charactaristic ; but there is I 
remarkable retardation of putrefaction. 

Symptoms ill Man, External Application. — A 5 per cent, solutiond 
carbolic acid, applied to the skin, causes a peculiar numbness, followe^i 
it may be, by irritation. Young subjects, and those with sensitive ekiiu^ 
sonietimea exhibit a pustular eruption, and concentrated solntions c 
more or Icsa destruction of the skin. Lemaire* describee the action t 
carbolic acid on the skin as causing a slight inflammation, with desqni 
mation of the epithelium, followed by a very prominent brown stain,' 
but this he alone has observed. Applied to the mucous membrane, i 
bolic acid turns the epithelial covering white ; the epithelium, however, 
19 soon thrown ofE, and the place rapidly heals ; there is the aame numb- 
ing, aconite-like feeling before noticed. The vapour of carbolic aoi& 
causes redness of the conjnnctivie, and irritation of the air-pass 
the application is continued, the mucous membrane swells, whitens, taSi 
poura out an abundant secretion. 

Dr. Whitelock of Greenock has related two instances in which chifc 
dren were treated with carbolic acid lotion {strength 2 J^ per cent.) ■ 
an application to the scalp for ringworm ; in both, symptoms of poisoa- 
ing occurred — in the one, the symptoms at once appeared ; in the othefr 
they were delayed for some days. In order to satisfy his mind, the ex- 
periment was repeated twice, and each time gastric and urinary tronbkl 
followed. 

Nuasbaum of Munich records a casef in which symptoms were in- 
duced by the forcible injection of a solution of carbolic acid into tW 
cavity of an abscess. 

MacphttilJ gives two cases of poisoning by carbolic acid from eiter» 
nal use. In the one, a large tumor had been removed from a womi 
aged thirty, and the wound covered with gauze steeped in a solution of ci 
bolic acid, in glycerine, strength 10 per cent. ; subsequently there w 
high fever, with diminished sulphates in the urine, which smelt stronglf 
of carbolic acid, and was very dark. On eubsiituting boracic acid, nonS 
of tliese troubles were observed. The second case waa that of a servsnl 
suffering from axillary abscess ; the wound was sjTinged ont with c 
bolic acid solution, of strength 3^ per cent, when effects were produced 

■ Lemaire, Jul., " De VAcide phenique." Paris, 18W. 

+ Leitfaden tRr Antiaeptweher IFundbdiandlunp, 141. 

% '• Carbolic Acid PoiBnning;(Surgical)," by 8. RutherfordMacphail, M.B.. Bl 
Med Journal, cccxiv., Aug., ItJB], p. 134. 




I 



emilsr to those in the first case. It was noted that in both these cases 
the pulse was slowed. Scattered throughout surgical and medical litera- 
tnre, there are many other caees recorded, though not all bo clear as those 
«ited. Several cases are also on record in which poisonous symptoms 
(and even death) have resulted from the appUcation of carboUc acid lotion 
as a remedy for scabies or itch. 

A surgeon prescribed for two joiners who suffered from scabies a lo- 
tion, which was intended to contain 30 grms, of carbolic acid in 2i0 oo. 
of water ; but the actual contents of tlie flasks were afterwards from 
analysis estimated by Hoppe-Seyler to be 33'26 grms,, and the quantity 
used by each to be equal to 13'37 grms. (206 grains) of carbolic acid. 
One of the men died ; the survivor described liie own symptoms as fol- 
lows : — He and his companion stood in front of the fire, and rnbbod the 
Jotion in ; he rubbed it into his legs, breast, and the tront part of his 
body; the other parts were mutually rubbed. Whilst rubbing his right 
arm, and drying it before the fire, he felt u burning sensation, a tight- 
neea and giddiness, and mentioned his sensations to his companion, who 
laughed. This condition lasted from five to seven minutes, but he did 
not remember whether his companion complained of anything, nor did 
he know what became of him, nor how he himself came to be in bed. 
He was found holding on to the joiner's bench, looking with wide star- 
ing eyes, like a drunken man, and was delirious for half an hour. The 
following night he slept uneasily and complained of headache and burn- 
ing of the skin. The pulse was OS, the appearance of the urine, appe- 
tite, and sense of taste were normal ; the bowels confined. He soon re- 
covered. 

The other joiner seems to have died as suddenly as if he had taken 
pmasic acid. He called to his mother, " Ich kabe einen Ratixch," and 
died with pale livid face, after taking two deep, short inspirations. 

The ;jos/-wi07-/cwi examination showed the sinuses filled with much 
fluid bloo{l, and the vessels of the pia mater congested. Frothy, dark, 
fluid blood was found in the lungs, which were hyjiersemio ; the mucous 
tissues of the epiglottis and air tubes were reddened, and covered with a 
frothy slime. Both ventricles — the vente cavse and the vessels of the 
spleen and kidneys — were filled with dark fluid blood. The muscles were 
very red ; there was no special odour. Hop(ie-Scyler recognised carbolic 
acid in the blood and different organs of the body.* 

In another case, a child died from the outward use of a 2 per cent. 
solution of carbolic acid. It is described as follows : — An infant of seven 
weeks old suffered from varicella, and one of the pustules became the 
«entre of an erysipelatous inflammation. To this place a 2 per cent, so- 
• R. Kfihier. WUHfrn. Med. Corr. St.. xtii.. No. 6. AprU, 1873. H. Abelin, 
Sehviidfa JahrbOeher, 1877. M. 173, 3. 163. 
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iution of carbolic acid was applied by meana of a compress Bleeped itt 
the acid ; the following morning the temperature rose from 36-5° (!'7*? 
F.) to 37° (98 'G F.), and poiaonous symptoms appeared. The urine waa 
coloured dark. There were sweats, vomitings, and contracted pupila^ 
spasmodic twitchiugsof the eyelids and eyes, with at rabifimus, slow respir- 
ation, and lastly, inability to swallow. Under the influence of stimula- 
ting remedies the condition temporarily improved, but tlie child died 
twenty-three and a half hours after the first application. An examinA^ 
tioii showed that the vessels of the bruin and the tissue of tlie luiigB k 
abnormally full of blood. The liver was softer than natural, and exhibit* 
ed a notable yellowishnesB in the centre of the acini. Somewhat simUn 
appeamnces were noticed in the kidneys, the mieroscopio examination tt 
which showed the tubuli coii/orlt enlarged and filled with fatty globules. 
In Severn! places the epithelium waa denuded, in other places awolleiv 
and with the nuclei very visible. 

In an American case,* death followed the application of carboliff 
acid to a wound. A boy had been bitten by a dog, and to the wound, afe 
one o'clock in the afternoon, a lotion, consisting of nine parts of carbolift: 
acid and one of glycerine, was applied. At seven o'clock in the evening 
the child was unconscious, and died at one o'clock the following day. 

Inlenutl Administration. — Carbolic acid may be taken into the s; 
tern, not alone by the mouth, but by the lungs, as in breathing oarbolis 
acid spray or carbolic acid vapoor. It is also absorbed by the skin when 
outwardly applied, or in the dressing or the spraying of wounds wilit 
carbolic acid. Lastly, the ordinary poisonous effects have been prodnc«i 
by the absorption from the bowel, when administered aa an enemJb 
When swallowed undiluted, and in a concentrated form, the symptoms 
may be those of early coUapae, and speedy death. Hence, the course il 
very similar to that witnessed in poisoning by the mineral acids. 

If lethal, but not excessive, doses of the diluted acid are taken, the 
symptoms are — a burning in the mouth and throat, a jwculiar unpleaaaat 
persistent taste, and vomiting. There are faintnesa and pallor of the 
face, which is covered by a clammy sweat, and the patient soon becomes 
unconscious, the pulse small and thready, and the pajiils sluggish to 
light. The respiration is profoundly affected ; there is dvapncea, and 
the breathing becomes shallow. Death occurs from paralysis of tlie 
respiratory apparatus, and the heart is obson*ed to beat for a little after 
the respiration has ceased. All these symptoms may occnr from the a^ 
plication of the acid to the skin or to raucous membranes, and hart 
been noticed when solutions of but moderate strength have been u 
There are a series of such cases in gymecologica! practice when 1 



* American Journal of Pharmaey, vol. li, 4th Ser. ; vol. ix., 1879, p. S7. 
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TDTiconB membrane (perhaps eroded) of the uterus haa been irrigated witli 
carbolic acid injections. Thus, Kuster* relates a case in which, four days 
after confinement, the uterus was washed out with a 'i per cent, solution 
of carbolic acid without evil results. Afterwards a 5 per cent, solution 
was nsed, but it at once caused violent symptoms of poisoning, the face 
became livid, clonic convulsions came on, and at first loss of conscions- 
ness, which after an hour returned. The patient died on the ninth day. 
There was intense diplitheria of the uterus and vagina. Several other 
similar cases (although not attended with such marked or fata! effects) 
are on record, f 

The symptoms of carbolic acid poisoning admit of conaiderablo 

variation from those already described. The condition ia occasionally 

V^that of deep coma. The convulsions may be general, or may affect only 

Ktertain groups of muscles. — Convulsive twitchings of the face alone, and 

VbIso muscular twitchings only of the legs, have been noticed. In all 

cases, however, a marked change occurs in the urine. Subissi J has 

noted the occun-ence of abortion, both in the pig and the mure, us a 

result of carbolic acid, but this effect has not hitherto been recorded in 

the human subject. 

It has been experimentally shown by Kiister, that previous loss of 
blood, or the presence of aeptie fever, renders animals more sensitive to 
carbolic acid. It is also said that children are more sensitive than adults. 
The course of carbolic acid poisoning ia very rapid. In 35 eases- 
collected by Falck, in which the jwriod from the taking of the potson to 
the moment of death was accurately noted, the course was as follows : — 
13 patients died within the first hour, and in the second hour, 3 ; so that 
■within two hours 15 died. Between the third and the twelfth hour, 10 
died ; between the thirteenth and the twenty-fourth hour, 7 died ; and 
between the twenty-fifth and the sixtieth hour, only 3 died. Tiierefore, 
slightly over 71 per cent, died within twelve hours, and 91 "4 per cent. 

I within the twenty-four hours, 
k Changes in ike Trine.— The urine of patients who have absorbed in 
pay way carbolic acid is dark in colour, and may smell strongly of the 
kbid. It is now established — chiefly by the experiments and observations 
' : 



*CiintralBlattf. GyndMogie, H.. 14, 1878. 

t A practitioner in Calcutta injected into the bowel of a boy, aged five, « 



enema o( diluted carbolic acid, which, according to hia own etatement, 
1 part in 60, and the whole quantity repreBented 144 graius of theacid. The cliild 
became inaenaible a few minutes after the operation, and died within four houra. 
o post-mortem examination ; the body smelt strongly of carbolic 
-Laacft, May 19, 1883. 
iL'Arc/Uifio delta Veterinaria Itai., li., 1874. 
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of Biiumann * — that carbolic acid, when introdaced into the body, ii 
mainly eliminated in the form of phenyl-BnJiihuric acid, C'^H^SOu 
or more strictly Bpeaking as potaasic phenyl-sulj>hate, C.UsKSOo » 
Bubstance which is not precipitated by chloride of barium uDtil it hu 
been decomposed by boiling with a mineral acid. Heuce it is that, with 
doees of carbolic acid continually increasing, the amount of sulpbateg 
naturally in the nrine (aa estimated by simply acidifying with hydro- 
chloric acid, and precipitating in the usual way with chloride of barium) 
continually decrease, and may at last vanish, for ail the sulphuric acid 
present is nnited with the phenol. On the other hand, the precipitate 
obtained by boiling, after having first removed the sulphate already d&- 
posited by tlie first operation, is ever increasing. 

Thus, a dog voided urine which contained in 100 cc, '263 grm. ot 
precipitable sulphuric acid, and "006 of organically-combined sulphnrio 
acid ; his back was now painted with carbolic acid, and the normal pro- 
portions were reversed, the precipitable sulphuric acid became -Wi grm., 
while the organically-combined was -190 in 100 cc. In addition to 
phenyl-sniphuric acid, it is now snfBcieutly established \ that hydro- 

qninone, I CiHj— • I, paradihydroxyl phenol and pyrocatecliin, 

of the phenol. The hydroquiuone appears in the urine, in the first 
place, as the corresponding ether-sulphuric acid, which is colourlesB ; but 
a portion of it is set free, and this free hydroquiuone (especially in alka* 
line urine) is quickly oxidised to a brownish product, and hence tb« 
peculiar colour of urine. Out of dark-col oui-ed carbolic acid urine the 
hydroquinone and its products of decomposition can be obtained by 
shaking with ether ; on separation of the ether, an extract is obtained, 
reducing alkaline silver solution, and developing quinone on warmiag 
with ferric chloride. 

To separate pyro-catechin, 200 cc. of urine may be evaporated to an 
extract, the extract treated with strong alcohol, the alcoholic liquid 
cvajKirated, and the extract then treated witii ether. On separation and 
evaporation of the ether a yellowish mass is left, from which the pyro- 
catechin may be extracted by washing with a small quantity of water. 
This solution will reduce silver solution in the coM, or, if treated with a 
few drops of ferric chloride solution, show a marked green colour, chang- 
ing on being alkatised by a solution ot sodic hydrocarbouate to violet, 
and then on being acidified by acetic acid, changing back again to greun. 

• E, Baumann acd C, Preuae : Zeitiehrift f. Phys. Cliemie, iii., 159. ■' Au- 
li-itung enr Hani-Analnsf.- W. F. LObieoh, Leipzig, 1881, pp. 142, 180. Schmied- 
eljerg : CTim. Cento. (3). 13. .IKS. 

^PftOger'a ArcAir, 13, 1878, 389. 
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L^Acoording to Thadichum,* the urine of men and dogs, after the inges- 
tion of curbulic ucid, contains a blue pigment. 

The Action of Carbolic Avid considered j'hysiologically. — Rceearches 
on aaimalB have elucidated in a great meaaure the mode in which cai-bolic 
acid acts, and the general sequence of effects, but there is still much to 
be learnt. 

K, Kuster f has shown that the temperature of doge, when doses of 
carbolic; acid in solution are injected subcutaneously, or into the veins, is 
immediately, or very soon after the operation, raised. With small and 
moderate doses, this effect is but slight — from half to a whole degree — 
on the day after the injection the temperature sinks below the normal 
point, and only slowly becomes again natural. With doses that are just 
lethal, first a rise and then a rapid sinking of temperature are observed, 
but with those excessive doaea which speedily kill, the temperature at 
once sinks without a preliminary rise. The action on the heart is not 
very marked, but there is always a slowing of the cardiac pulsations ; 
according to Hoppe-Seyler the arteries are relaxed. The respiration i« 
much quickened ; this acceleration is due to an excitement of the vagus 
centre, since Salkowaky has shown that section of the vagus produces a 
retardation of the respiratory wave. Direct application of the acid to 
muscles or nerves quickly destroys their exeitablity without a previous 
«tage of excitement. The main cause of the lethal action of carbolic 
acid — putting on one side those cases in which it may kill by its local 
corrosive action — appears to be through paralysis of the respiratory nerv- 
ous centres. The convulsions arise from the spinal cord. On the cessa- 
tion of the convulsions, the superficial nature of the breathing assists 
other changes by preventing the due oxidation of the blood. 

Carbolic acid is separated from the body, partly by the skin, and 
partly by the urine as phenyl -sulphuric acid, in combination with 
alkalies and other compounds already mentioned. It also apparently 
nndergoea other chemical changes, and produces hydroqui nones, pyro- 
catechin, and double ethers. Salkowsky considers that, with rabbits, he 
has also found oxalic acid in the urine as an oxidation product. Accord- 
ing to the researches of Binnendijk.J the separation of carbolic acid by 
the nrine commences very quickly after its ingestion ; and under favour- 
able circumstances, it may he completely excreted within from twelve to 
sixteen hours. It must be remembered that the presence of carbolic acid 
is possible in the animal body, as the result of the digestion of albuminous 
substances, or of their putrefaction. A small amount of carbolic acid is 

" " On the Pathology of the Uriup." Loud. 1877, p. 1B6. 
t ATchiif. Klin. Chirurg:^, Bd, 23, S, 183, 1879. 
X Journal de PharmaeU et ae Chimi& 
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said to be dailj eicreted by healthy men when feeding on mixed diet; 
this quantity Engel,* by experiment, estimates to be in the twenty-foap 
hours 'Olo grm. 

Post-mortem Appearances. — No fact is better ascertained from exper- 
iments on animals than the following : — that with lethal doBea of carbolic 
acid, administered by subcataneous injection, or introduced by the vein^ 
no appearancea may be found after death which can be called at all char 
acteristic. Further, in the cases in which death has occurred from 
outward application of the acid for the cure of scabies, &c., no lesion 
ascertained after death which could — apart from the history of the ca«» 
and chemical evidence — with any confidence be ascribed to a poison. 

On the other hand, when somewhat large dosea of the acid are U 
by the mouth, very coarse and appreciable changes are produced in UiB 
upper portion of the alimentary tract. There may be brownish, wrinkled 
spots on the cheek or lips ; the mucous membrane of the mouth, throa^, 
and gullet is often white, and, if the acid was concentrated, eroded. TTrt 
stomach is sometimes thickened, contracted, and blanched, a conditioa, 
well shown in a pathological preparation (ix. 206, '43/) in St. George's 
Hospital. The mucous membrane, indeed, may be quite as much do* 
stroyed as if a mineral acid had been taken. Thus, in Guy's !!(*• 
pital museum (1799„), there is preserved the etomach of a child whodied 
from taking accidentally carbolic acid. It looks like a piece of pape^ 
and is very white, with fawn-coloured spots ; the rugae are absent, anJ 
the mucous membrane seems to have entirely vanished. Not anfr^ 
quently the stomach exhibits white spots with roundish edges. Th* 
duodenum is often afEected, and the action is not always limited to tl» 
fijst part of the intestine. 

The respiratory passages are often inflamed, and the lungs 
trated and congested. As death takes place from an asphyxiated coa- 
dition, the veins of the head and brain, and the blood-voaaels of the 
hver, kidney, and 8])leen, are gorged with blood, and the right side of 
the heart distended, while the left is empty. On the other hand, a pfl^ 
sou may die of sudden nervous shock from the ingestion of a lar^ qnaif 
tity of the acid, and in such a case the post-mortem appearancea will not 
then exhibit precisely the characters just detailed. Putrefaction ia re- 
tarded according to the dose, and there is often a smell of carbolic aoid-t 
If any urine is contained in the bladder, is will probably be dark, sni 
present the characters of carbolic urine detailed at p 152. 
*Annalde Chimie tl de nynqiic, 5 Ber,, T, 20, p. 380. 1B80. 

+ In order to detect this odc.ur. it is well to open the head Sret, lest the pn- 
trofaction of the internal viscera be bo great aa to mask the odour. 
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TESTS FOR CARBOLIC ACID. 

Thg Pine-wood Test — Certain piiie-woocl gives a beantiful blao 
ooiour when moiBtened, first with carbolic acid, and afterwards with hy- 
I drocblorio acid, and exposed to the light. Some qiecies of pints give a 
blue colonr with_ hydrochloric acid alone, and such must not be uaed ; 
others do not respond to the teat for carbolic acid. Hence it ia necessary 
to try the chips of wood first, to see how they act, and with this precau- 
tion the teat is very serviceable, and, in cautious hands, no error will be 
made. 

Ammonia and Hypockiorite Test. — If to a solution containing even 
BO small a quantity as one part of carbolic acid in 5,000 parts of water, 
first, about a quarter of its volume of ammonia hydrate be added, and 
then a aniall quantity of sodic hypochlorite solution, avoiding excess, a 
blue colour appears ; warming quickens the reaction, the blue is pornia- 
Dent, but turns to red with acids. If there ia a smaller quantity than 
the above proportion of acid, the reaction may be still produced feebly 
after standing for some tinije. 

Ferric Chloride. — One part of phenol in 3,000 parts of water can bo 
detected by adding a solution of ferric chloride ; a fine violet colour is 
produced. This is also a very good test, when applied to a distillate ; 
bat if applied to a complex liquid, the disturbing action of neutral salts 
and other subatances may be too great to make the reaction under those 
circumstances of service. 

Bromine. — The most satisfactory test of all is treatment of the liquid 
by bromine-water. A precipitate of tri-bromo-phenol {CjIIjBrjO) la 
rapidly or slowly formed according to the strength of the solution ; in 
detecting very minute quantities the precipittito must be given time to 
form. According to Allen,* a solution containing but j^ of carbolic 
acid gave the reaction after standing twenty-four hours. 

The properties of the precipitate are as follows : — it is crystalline, 
and under the microscope is seen to consist of fine stars of needles ; its 
smell is peculiar ; it is insoluble in water and acid hquids, but aolublo in 
alkalies, ether, and obsolute alcohol ; a very minute quantity of water 
Hnffices to precipitate it from an alcoholic solution ; it is therefore es- 
Bential to the success of the teat that the watery liquid to be examined ia 
either neutral or acid in reaction. 

Tri-bromo-phenol may be used for the quantitative estimution of 
carbolic acid, 100 parts of tri-bromo-phenol are equal to 28-39 of carbolic 
acid ; by the action of sodium amalgam tri-bromo-phenol is changed 
back into carbolic acid. 

• ■' Commercial Organic Analysis," vol. 1, p. 806. 
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That bromine- water precipitates several volatile and fixed alkaloids 
from their solutions is no objection to the bromine test, for it may bo ap- 
plied to a distillation product, the bases having been previously tixed by 
Eulphiiric acid. Besides, the proi>ertiea of tri-bromo-jtbenol are distinct 
«nough, and therefore there is no valid objection to the teat. It is the 
best hitherto discovered. There are also other reactions, such as that 
Millon's reagent strikes a red — moljbdic acid, in concentrated sulphuric 
acid a. blue— and potasaic dicromate with sulphuric acid a brown colour — 
but to these there are objections. Again we have the Euchlorine teat in 
which the procedure is as follows : — A test-tube is taken, and concen- 
trated hydrochloric acid is allowed to act therein upon potaasic chlorate. 
After the gas has been evolved for from thirty to forty seconds, the liquid 
is diluted with one and a half volume of water, the gas removed by blow- 
ing through a tube, and solution of strong ammonia poured in so 
form a layer on the top ; after blowing out the white fumes of auuno- 
nium chloride, a few drops of the sample to be tested are added, la tho 
presence of carboUc acid, a roae-red, blood-red, or red-brown tint la pro- 
duced, according to the quantity present. Carbolic acid may be con- 
founded with cregol or with creasoie, but the distinction between pure 
carbolic acid, pure eresol, and creasote ia plain. 

Cresol is at ordinary temperatures a liquid, and cannot be obtained 
in a crystalline state by freezing. Its boiling point is from 198° to 203"; 
it is almost insolublo iu strong ammonia, and, when sixteen volumes an 
added, it then forma crystalline scales. On the other hand, carbolio 
acid is soluble In an equal volume of ammonia, and ia then precipitated 
by the addition of one and a half volume of water. Cresol is insolubis 
in amali quantities of pure six per cent, aoda solution ; with a largfl 
excess, it forms cryatalline Bcalca ; while carbolic acid is freely soluble in 
small or large quantities of alkaline aolutiona. 

Cold petroleum spirit dissolves cresol, but no crystalline aeales can 
be separated out by a freezing mixture. Carbolic acid, on the contrary, 
is but sparingly soluble in cold petroleum, and a solution of carbolic 'acid 
in hot petroleum, when exposed to sudden cold produced by a freezing 
mixture, separates out crystals from the upper layer of liquid. Cresol ia 
miscible with glycerine of specific gravity 1'358 in all proportions; on» 
measure of glycerine mixed with one measure of cresol is completely 
precipitated by one measure of wnter. Carbolic acid, under the same 
circumstances, is not precipitated. The density of cresol is about 1*04*. 
It forms with bromine a tri-brnmn-cresol. but this is liquid at ordinary 
temperatures, while tri-bromo-phenol is solid. On the other hand, it 
resembles carbolic acid in its reactions with ferric chloride and with 
nitric and sulphuric acid. 

Creasote or Kreozote is a term applied to the mixture of crude phe- 



lola obtained from the distillation of wood-tar. It consists of a misture 
of substjincea of which ihe chief are guaiucol or oxycreaol {C,H,0,), boil- 
ing at 200°, and creaBol (CjHioO,) boiling at 'ill", also in small quanti- 
ties of phlorol (C,II,«0), methyl creusol (C,KuO,), and other bodies. 
Corson's English creasote is prepared from Stockholm tiir, and boils at 
About 217°, consisting chiefly of creasol ; it is not easy, by mere chem- 
ical tests, to distingnish creasote from cresylic acid, Creasote, in its re- 
■ctions with sulphuric and nitric acid, bromine and gelatin, is similar to 
carbolic and cresylic acid, and its solubility in most solvents is also similar. 
It is, however, distinguished from the tar acids by ita insolubility in 
Price's glycerine, specific gravity i'258, whether one, two, or three vol- 
unes of glycerine be employed. But the best test is its action on an 
■ethereal solution of nitro-cellulose. Creasote miies freely with the B. P. 
oollodium, while cresylic acid or carbolic acid at once coagulates the lat- 
With complicated mixtures containing carbolic acid, cresol, and 
Creasote, the only method of applying these teats with advantage is to 
mbmit the mixture to fractional distillation. 

Fluckiger* testa for small quantities of carbolic acid in creasote, by 
" mixing a watery solution of the sample with one-fourth of its volume of 
ammonia hydrate, wetting the inside of a porcelain dish with this solu- 
tion, and then carefully blowing bromine fumes on to the surface. A 
fine blue colour appears if carbolic acid is present, but if the sample 
consists of creasote only, then it is dirty green or brown. Excess of 
bromine spoils the reaction.! 
I Carbolic Acid in Onjanic Fluids or in the Tissues of the Body. — If 

I the routine process given at page 51, where the organic fluid is distilled 

1 • Areh, der i%armaeie, cxiii., p. 30. 

f Creaeote ia, without doubt, poisonous, though but little is known of its ac- 
tion, and very few experimenta are on record in which pure creasote has been 
«mplojed. Eulenberg has studied the aj-mptoms in rabbits, by submitting them 
to TspouriBed creasote— i. e,, the Tapoor from twenty drops of creasote diffused 
through a glass shade under which a rabbit was confined. There was at once 
great uneasiness, with a watery discharge from the eyes, and after seven min- 
Otes the rabbit fell on its side, and was slightly convulsed. The cornea waa 
troubled, and the eyes prominent ; a white slime flowed from the mouth and 
After fifteen minutes there was narcosis, with lessened reflei action ; the 
temperature waa almost normal. There waa rattling breathing, and in halt an 
liour the animal died, the respiration ceasing, and fluid blood escaping from the 
soae. Section aft*r death showed the brain to be hyperssmic, the mucoua raem- 
branee of the air passages to be covered with a thin layer of fluid blood, and the 
lungs to be con|:e9ted ; the right side of the heart was gorged with fluid blood. 

The pOHl-mortnn appearances and the symptoms generally are, therefore, 
closely allied to those produced by carbolic acid. A dark colour of the urine has 
also been noticed. 
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in a vaeuam after acidifying with tartaric acid, ia employed, carholio 
acid, if present, will certainly be found in the distillate. If, however, a 
special soiirch be made for the acid, then the fluid must be well acidified 
with Bulphuric acid, and distilled in the usual way. The distillatioa 
should be continued as long as possible, and the distillate shakeu up with 
ether in the apparatus figured at page 13o. Oq separation and evapora- 
tion of the ether, the carbolic acid, if ])re8ent, will be left in a purg 
enough form to show its reactions. The same process applies to the tis- 
sues, which, in a finely-divided state, are boiled, and distilled with diluifi 
sulphuric acid, and the distillate treated as just detailed. 

Like most poisons, carbolic acid has a selective attraction for certain 
organs, so that unless all the organs are examined, it is by no means in- 
different which particular portion is selected for the inquiry. Uoppe- 
Seyler applied carbolic acid to the abdomen and thighs of dogis, and 
when the symptoms were at their height bled them to death, and separ- 
ately examined the parts. In one case, the blood yielded '00369 per 
cent,; the brain, -0034 per cent; the liver, -00125 ; and the kidne>-a, -00423 
per cent, of their weight of carbolic acid. The liver then contains only 
one- third of the quantity found in an equal weight of blood, and. there- 
fore, the acid has no selective affinity for that organ. On the other 
hand, the nervous tissue, and especially the kidneys, appear to concen- 
trate it. 

Examination of the Urine/or Carbolic Acid, — It has been previoudy 
stated (see p. 15^) that the urine will not contain carbolic acid as such, 
but as a compound salt — viz., phenyl-snlpliate of potassium. By boU- 
ing with a mineral acid this compound may, however, be broken up, and 
carbolic acid obtained, either by distillation or by extraction with ether. 
To detect very minute quantities, a large quantity of the urine should be 
evaporated down to a sjTup, and treated with hydro-chloric acid and 
ether. On evaporating off the ether, the residue should be distilled with 
dilute sulphuric acid, and this distillate then tested with bromine-water, 
and the tri-bromo-phenol collected, identified, and weighed, 

Thudichum • has separated crystals of potassic ]ihenyl-Bulphate 
itself from the urine of patients treated endermicaJly by carbolic acid, M 
follows : — 

The urine was evaporated to a syrup, extracted with alcohol of 90 
per cent., treated with an alcoholic solution of oxalic acid as long as this 
produced a precipitate, and then shaken with an equal volume of ether. 
The mixture was next filtered, neutralised with potassic carbonate, evap- 
orated to a, small bulk, and again taken up with alcohol. Some oxalate 
and carbonate of ]]otassium were separated, and on evaporation to symp, 
crystals of potassic phenyl-snlphate were obtained. They gave to anaiy- 
• Pathology of the Urine," p, 108. 
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«iB 46-25 per cent. n,SO„ and 181 K— theory requiring 46-3 of H,SOi 
and 18'4 of K. Alkaline phenyl-sulphates strike a deep purple col- 
our with ferric chloride, To eslimato the amount of phenyl-sulphate 
in the urine, the normal giilphutes Diay be separated by the ad- 
dition of chloride of barium in tlie cold, firat acidifying witli hydro- 
chloric acid. On boiling the liquid a second cnp of sulpliate is obtained, 
due to the breaking up of the phenyl-sulphate, and from tbia second 
weight the amount of carbolic acid can he obtained — C,IIaKSO, : 
BaSO. : : 174 : 233. 
1 Ansa// of Disinfectants, Carbolic Acid Powders, tfic. — For the aasaj 

I of cmde carbolic acid, Mr. Charles Lowe * uses the following process : — 
I A thousand parts of the sample are distilled without any special condens- 
ing arrangement ; water first comes over, and is then followed by an oily 
fluid. When a huuilred parts of the latter, as measured in a graduated 
tube, have been collected, the receiver is charged. The volume of wa- 
ter is read ofE. If the oily liquid floats on the water, it contains light oil 
of tar ; if it is lieaTiar than the water, it is regarded as hydrated acid, 
containing- 50 per cent, of real carbolic acid. The next portion consists 
of anhydrous cresylic and carbolic acids, and 625 volumes are distilled 
over : the remainder in the retort consists wholly of cresylic acid and the 
higher homologues. The relative proportions of carbolic and cresyhc 
acids are approximately determined by taking the solidifying point, 
which should be between IS'S" and 24°, and having ascertained this tem- 
perature, imitating it by making mixtures of known proportions of car- 
bolic and cresylic acids. 

E. Waller f has recommended the following process for the estima- 
tion of carbolic acid. It is based on the precipitation of the tar acids 
hy bromine, and, of course, all phenols precipitated in this way will be 
returned as carbolic acid. The solutions necessary are — 

1. A solution containing 10 grms. of pure carbolic acid to the litre ; 
this eer\'e8 as a standard solution. 

2. A solution of bromine in water. 

3. Solution of alum in tUUite sulphuric acid, A litre of 10 per cent, 
sulplmric acid is shaken with alum crj-stals untU saturated. 

The actnal process is as follows :— 10 grms. of the sample are 
treighed out and run into a litre flask, water added, and the nuxture 
shaken. The flask being finally filled up to the neck, some of the solu- 
tion is now filtered through a dry filter, and 10 cc. of this filtrate is 
placed in a 6 or 8-ounce stoppered" bottle, and 30 cc. of the alum solution 
added. In a similar bottle 10 cc. of the standard solution of carbolic 

•Allen's "Commerpial Orgaoic Analysis," vol. i., p. 811. 
iChtm. NeuM, April 1, 1881, p. IBS. 
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acid arc placed, and a similar quantity of alum Eolutton is added i 
the first bottle. The bromine water is now run into the hottltj contain* 
ing the etiuidard solution of carbolic neid from a burette until there i 
no further precipitate ; The bottle is stoppered and ehakea after evei 
addition. Towards the end of the reaction the precipitate forms b 
Blowly, and when the carbolic acid is saturated, the slight eiceea of br* 
miue water gives the solution a ]Mile yellow tint. The solution from tb 
sample is treated iu the same way, and, from the amount of bromin 
water used, the percentage of the sample is obtained by making tb 
usual calculations. Thus, supposing that 5 cc. of the standard require^ 
15 cc. of the bromine water for precipitation, and 10 cc. of the solutiod 
of the sample required 17 cc, the calculation would be 15x3 : 17^100 
X per cent. With most samples of crude carbolic acid, the preeipitj 
does not readily separate. It is then best to add a little of the precipj* 
tate already obtaiuod by testing the standard solution, which rapid^ 
clears the liquid. 

Koppeschaur's volumetric method is more exact, but also more elabftt 
rate, than the one just deecribed. Caustic normal soda is treated o 
bromine until permaneutly yellow, and the excess of bromine is thai 
driven off by boiling. The liquid now contains 5NaBr-f-NaBrOj, and OH' 
adding this to a solution containing carbolic acid, and a sufficient qnatt- 
tity of hydrochloric acid to combine with the sodium, the following i»" 
actions occur ; — 

(1.) 5NaBr+NaBrO,+CnCl— 6NaCl+CBr+3H,0 ; 
and 

(a.) C,H,0+fiBr=C.n3Br,0+3HBr. 

Any excess of bromine liberated in the first reaction above that neoflf 
sary- for the second, will exist in the free state, and from the amount d 
bromine which remains free the quantity of carbolic acid can be calcul*- 
ted, always provided the strength of the bromine solution is first known. 
The volumetric part of the analysis, therefore, merely amounts to the ds* 
termination of free bromine, which is best found by causing it to 
on potassium iodide, and ascertaining the amount of free iodine by titw 
tion with a standard solution of sodium thio-sulphate. In other word% 
titrate in this way the standard alkaline bromine solution, using 
indicator starch paste until the blue colour disappears. 

Colorimeiric Method of Sstiviation. — A very Bimjtle and ever-i 
way of approximately estimating minute quantities of the phenols co 
sista in shaking up 10 grras. of the sample with water, allowing any tar 
insoluble impurities to subside. Ten cc. of the clear fluid arc then taVeni 
and half a cc. of a fi per cent, solution of ferric chloride added. 
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colour proilaced is imitated exactly by a standard solution of carbolic 
aciid, and a Bimilar amount of the reagent, on tlie usual principles of eol- 
o rime trie analyaia. 

Carbolic Acid Powders. — Siliceous carbolic acid powders are placed 
in a retort and rliatilled. Towards the end the heat may be raised to 
approaching redness. The distillate separates into two portions — the 
one aqueous, the other consisting of the acids — and the volume may bo 
read off, if the distillate be received in a graduated receiver. Carbolic 
acid powders, having lime as a basis, may he distilled in the same way, 
after first decomposing with sulphuric acid. Tho estimation of the neu- 
tral tar oils iu the distillate ia easily performed by shaking the distillate 
with caustic soda solution, which dissolves completely the tar acids. Tho 
volume of the oils may be directly read off, if the receiver is a graduated 
tube. Allen* has suggested the addition of a known volume of petro- 
leum to the distillate, which dissolves the tar oils, and easily separates, 
and thus the volume may be more accurately determined, a correction 
being of course made by subtracting the volume of petroleum first 
added. 

Carbolic Acid Soap. — A convenient quantity of soap is carefully 
■weighed, and dissolved iu a solution of caustic soda by means of heat. 
A saturated solution of salt is nest added, suificient to precipitate en- 
tirely the soap, which is filtered off ; the filtrate is acidified with hydro- 
chloric acid, and bromine water added. The precipitated tri-bromo- 
phenol is first melted by heat, then allowed to cool, and the mass re- 
moved from the liquid, dried, and weighed. 



X— KITRO-BESZENE. 

Nitro-benzene is the product resulting from the action of strong ni- 
tric acid on benzene. Ita chemical formula is C»HjNOj. Wlien pure, 
it is of a pale yellow colour, of a density of 1-186, and boils at from 205° 
to 310°. It may he obtained in prismatic crystals by exposure to a tem- 
perature of 3°. Its smell is exactly the same as that from the oil or es- 
sence of bitter almonds : and it is from this circumstance, under the 
name of " essence of mirbane/' much used in the preparation of per- 
fumes and flavouring agents. 

In commerce there are three kinds of nitro-benzene — the purest with 
the characters given above; a heavier nitro-benzene, boiling at 210° to 220" ; 
and a verv heavy varietv, boilingat 224° to 235°. The last is speciallyused 

*0p. Cit.,L,p. 810. 
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for the preparation of aniline or aniline blae. Nitro-benzene haabeen Tuedij 
as an adulterant of bitter almond oil, but the detection is easy (see toL | 
i, of this work, " Fooda," p. 505). Nitro-benzene was first discovered 1 
by Mitacherlich in 1834, and ite poiBonoua properties were first pointed I 
out by Casper* in 1859. Its technical use in perfumes, &c,, dates from I 
about 1848, and in the twenty-eight years intervening between that datsi 
and 1876, Juhell f haa collected forty-two caaes of poisoning by thit'l 
agent, thirteen of which were fatal. One ot these cases was suicidal, the I 
rest accidental. 

Effecfx of Poisoning ly Nitro-Benzene. — Nitro-benzene is a veiy I 
powerful poison, whether taken in the form of vapour or as a liquid, t 
The action of the vapour on animals has been studied by Eulenberg J and I 
others. One experiment will serve aa an illustration. Fifteen grms. i ' 
nitro-benzene were evaporated on warm sand under a glass shade, into 
which a cat was introduced. There was immediately observed in 
animal much salivation, and quickened and laboured breathing. After 
thirty minutes exposure, on removing the shade to repeat the dose of 15 
grms., the cat for the moment escaped. Oti being put back there ww 
again noticed the salivation and running at the eyes, with giddiness and 
repeated rising and falling. The animal at last, about one hour and forty 
minutes after the first dose, succumbed with dyspncea, and died with 
progressive paralysis of the respiration. The membranes of the brain 
were found gorged with blood, the lungs Uver-coloured, the mucous 
membrane of the" trachea — to the finest subdivisions of the bronchia- 
reddened, inflamed, and clothed with a fine frothy mucons. The left . 
side of the heart was filled with thick, black blood. The bladder cod* 
tained 8 grms. of clear urine, in which aniline waa discovered. Ther 
was B. notable smell of bitter almonds. 

The effects of the vapour on man are somewhat different in their de- 
tails to those just described. In a remarkable case related by Dr. Leth- 
eby, a man aged forty-two, had spilt some nitro-benzene over hia clothes. 
He went about several hours breathing an atmosphere of nitro-benzene):! 
he then became drowsy, his expression was stupid, and his gait unstesdyxf 
presenting all the appearances of intoxication. The stupor enddenlf 1 
deepened into coma, and the man died ; the fatal course being alto- 
gether about nine hours, viz — four hours before coma, and five hours of 
total insensibility. 

An interesting case of poisoning by the vapour is recorded by Taj* J 
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t Die Vergiflungen mil BlansSure u. Nitro-benzol in ForeTisiseher Beztthung- 
Erlangen, 1876. 

{ Oewerbe HygUnc, S. 807. Berlin, 1876. 
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lor* A woman, nged thirty, taateda liquid uaed for flavonriiig pastry, 
which was afterwards chemically identified as pure nitro-benzene. She 
immediately spat it out, finding that it had an acrid taste, and probably 
did not swallow more than a drop. In replacing the bottle, however, she 
spilt about a tablespoonful, and allowed it to remain for some minutes ; 
it was a small room, and the vapour rapidly pervaded it, and caused ill- 
ness in herself as well as in a fellow-servant. She had a strange feeling 
of numbness in the tongue, and in three hours and a quarter after the 
accident was seen by a medical man ; she then presented all the appear- 
ances of pruesic acid poisoning. The eyes were bright and glassy, the 
featureapale and ghastly, the lips and nails purple, as if stained with 
blackberries, the skin clammy, and the pulse feeble, but the mind was 
^then clear. An emetic was administered, but she suddenly became nn- 
^Bonscions ; the emetic acted, and brought up a fluid with an odour of nitro- 
^raenzene. The stomach-pump was also used, but the liquid obtained had 
Bcarcely any odour of nitro-benzene. In about eleven hours conscious- 
neSB returned, and in about seventeen hours she parti;illy recovered, but 
complained of flashes of light and strange colours before her eyes. Re- 
covery was not complete for weeks. In this case, the small quantity 
swallowed would probably of itself have produced no symptoms, and the 
effects are to be mainly ascribed to the breathing of the vapour. 
H The liquid, when swallowed, acts almost precisely in the same 

^hay aa the vapour, and the s}Tnptom8 resemble very much those pro- 
^Rnced by pruseie acid. The great distinction between pmssic acid 
*Snd nitro-benzene poisoning is that, in the latter, there is an inter- 
val between the taking of the poison and its effects. This is, 
indeed, one of the strangest phenomena of nitro-benzene poisoning, for 
the person, after taking it, may appear perfectly well for periods varying 
from a quarter of an hour to two or three hours, or even longer, and 
then there may be most alarming symptoms followed by rapid death. 
. Poisoning by nitro-benzene satisfies the ideil of the dramatist, who 
requires, for the purposes of his plot, poisons not acting at once, hut 
rith an interval sufficiently prolonged to admit of lengthy rhapsodies and 
ft complicated denouement. On drinking the poison there is a humiug 
e in the mouth, shortly followed by a very striking blueness or purple 
^pearance of the lips, tongue, skin, nails, and even the conjunctivre. Tlii.i 
rcurions colour of the skin has, in one or two instances, been witnessed an 
hour before any feeling of illness manifested itself ; vomiting then comes 
on, the vomited matters smelling of nitro-benzene. The skin is cold, there 
ia great depression, and the pulse is small and weak. The respiration is 
Laflected, the breathing being slow and irregular, the breath smelling 
Bttrongly of the liquid, and the odour often persisting for days. A fur- 
B that of loss of consciousness, and this comes on with all the 
• " PoiaoDB," Third Edition, p. 666. 
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siiddeimees of a fit of apoplexy. The coma is also similar Id appearasM 
to apoplectic coma, but there have frequently been seen trismus and con- 
vulBions of the extremities. The pupils are dilated and ilo not react t» 
light, and reflex sensibility is sometimes completely extinguished. Casei 
vary a little in their main features ; in a few, the blue skin and the deep 
sleep are the only symptoms noted. Death, for the most part, occun 
after a period of from eight to twenty-four hours, (occasionally as sooQ 
as four or five hours) after taking the poison. 

From the following remarkable train of symptoms in a dog, it 
probable, indeed, that nitro-benzene, taken by a human being, might 
produce death after a rather prolonged period of time, by its BecondaiJ 
effects ; — To a half-bred grey-hound * was administered 15 grma. cf 
nitro-benzene, when shortly after there were noticed much eallTatioa^ 
shivering, and muscular twitchings. The same dose was repeated at thft' 
end of five, of seven, and of eight hours respectively, so that the do{ 
altogether took 60 grms., but with no other apparent symptom than ihe 
profuse salivation. On the following day, the dog voided a tapeworm. 
vomiting supervened ; the heart's action was quickened, and the breatli- 
ing difficult ; convulsions foilowed, and the pupils were seen to be di- 
lated. For eight days the dog suffered from dyspnrea, quickened pulse^ 
shivering of the legs or of the whole body, tetanic spasma, bloody mo 
tiona, great thirst and debility. The temperature gradually sank under 
25°, and the animal finally died. The autopsy showed, as the mort 
striking change, the whole raucous membrane of the intestinal tract COT- 
ered with a yellow layer, which chemical analysis proved to be caused bj 
picric acid, and in the urine, liver, and lungs, aniline was discovered, 

Fatal Dose. — It is probable, from recorded cases, that 1 grm. (15'i 
grain) would be quite sufficient to kill an adult, and, under favourable ci^ 
cumstances, less than that quantity. It would seem that spirituous liquid! 
especially hasten and intensify the action of nitro-benzene, so Lhatt 
drunken person, cmterig paribis, taking the poison with spirits, would b« 
more affected than taking it under other conditions. 

In a case related by Stevenson.f in which so small a quantity as V% 

•Eulenbcrg, Oetcerbe Hygifne, S, 607. 

t This case is not uninteresting. Through a mistake in reading an extremelT 
Illegible prescription, M. S. S., aet. 31, was supplied by a druggist with the fol- 
lowing mixture : — 

R. Benzole-Nit., 8ij. 

01. Menth, pep,. Ssb. 

Ol. niivffi, 3i. 

gutt. XXX., t. de. 

Be took on sugar seven doaes, each of SO mioimB, equalling in all S3 min., (orbr 
freight 371 grain, 174 grm.) of nitro-benzene, viz., three doaes on the first d«f> 



grms. 'waa taken in seven doses, spread over more than forty-eight hours; 
there were yet extremely alarming symptoms, and the patient seems to 
have had a narrow escape. The quantity of nitro-benzene which would 
be fatal, if breathed, is not known with any accuracy. 

Pathological Appearances. — The more characteristic appearanpes 
Beem to be, a dark-brown or even black colour of the blood, which coag- 
nlates with difficulty (an appearance of the blood that haa even been no- 
ticed during life), venous hypertemia of the brain and its membranes, 
and general venous engorgement. In the stomach, when the fluid has 
been swallowed, the mucous membrane is sometimes reddened diffusely, 
and occasionally shows ecchymosea of a punctiform character. 

The essential action of nitro-benzene is of considerable physiological 
interest. The blood is certainly in some way changed, and gives the 
epectnim of acid hsematin.* Filehne has found that the blood loses, in 
a great degree, the power of carrying and imparting oxygen to the tis- 
sues, and its content of carbon dioxide is also decreased. Thus, the nor- 
mal amount of osygen gas which the arterial blood of a hound will give 
Up 18 17 percent.; but in the case of a dog which had been poisoned 
with nitro-benzene, it sank to 1 per cent. During the dyspnoea from 
which the dog suffered, the carbon dioxide exhaled was greater than the 
normal amount, and the arterial blood (the niitural content of which 
sbonld have been 30 per cent, of this gas), only gave up 9 per cent. 
Filehne seeks to explain the peculiar colour of the skin by the condition 
of the blood, but the explanation is not altogether satisfactory. Some 
part of the nitro-benzene, without doubt, is reduced to aniline in the 
body — an assertion often made, and as often contradicted — but it has been 
found in too mauy cases to admit of question. It would also seem from 
the experiment on the dog (p. 164), that a conversion into picric acid is 
not impossible. A yellow colour of the skin and conjunctivie, as if pic- 
ric-acid-stained, has been noticed in men suffering under slow poisoning 
by nitro-benzene. 

Detection and Separation of Nitro-Bemene from the Animal 

vex. — It is evident from the changes which nitro-benzene mayunder- 

three on the second, and one on the raominff of the third day. The first two 
days he was obeervpd to be looking pale and ill, but went on with his work until 
the seventh dose, which he took on the third day at a. m. About 2 p. m. (or 
ail hours aftt^r taking the seventh doHe), he fell down insensible, the body pale- 
bloe, and with all the symptoms already described in the text, and usually seen 
in nitro-benzene poisoning. With suitable treatment he recovered. The next 
morning, from 8 ounces of unne sonae nitro-benzene was extracted by shaking 
with chloroform, (Thos. Stevenson. M, D., in Ouy's Hospital Beportt, MS., vol. 
xxL. IflTC), 

• Filehne, W.— " U^er die Oifttvirkungm des NitrdbemoU." Areh. far Bx- 
^per. Pathol, k. Pharm., ix. 329. 
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go that the expert, in onj case of suspected nltro-benzeiie poisomng, 
must epecittUy look (1) for nitro-benzeue, (3) for aniliDe, and (3) for 
picric acid. The buat general method for the separation of nitro- 
benzene is to ehake up the liquid (or finely divided solid) with light ben- 
zoiine (petroleum ether), which readily dissolves nitro-benzena. On 
evaporation of the petroleum ether, the nitro-benzene is left, perhapt 
mised with fatty matters On treating with cold water, the fata rise to 
the surface, und the nitro-benzene sinks to the bottom ; so that, bj 
means of a separating funnel, the nitro-benzene may be easily remoye4 
from animal fats. The oily drops, or fine precipitate believed to be 
nitro-benzene, may be dissolved in spirit and reduced to aniline by the 
use of nascent hydrogen, developed from iron filings by hydrochloric 
acid, and the fluid tested with bleaching powder, or, the aniline itself 
may be recovered by alkalising the fluid, and shaking up with ether in 
the separation-tube (p. 135), the ether dissolves the aniline, and leavee 
it, on spontaneous evaporation, as an oily yellowish mass, which, on the 
addition of a few drops of sodic hypochlorite, strikes a blue or violet- 
blue — with acids, a rose red — and with bromine, a flesh-red. It givee 
alkaloidal reactions with such general reagents as platinum chloride, 
picric acid, &c. Aniline itself may be extracted from the tissnes and 
fluids of the body by petroleum ether, but in any special search it will 
bo better to treat the organs as in Staa' process — that ia, with strong alco- 
hol, acidified with sulphuric acid. After a suitable digestion in this men- 
strua, filter, and then after evaporating the alcohol, diaaolve the alcoholic 
extract in water ; alkaliae the aqueous solution, and extract the aniline 
by shaking it up with light benzoline. On separating the benzoline, the 
aniline will be left, and it may be dissolved in feebly acid water, and thfl 
ordinary tests just enumerated tried. 



XI.— nYDROCYANIO ACID. 



Hydroeyanic Acid. — Ilydric cyanide — sj)ecific gravity of liquM ■ 
0'7058 at 18° C, boiling point 20-5° (8i}°F.), HCy™27. The anhydrou* J 
acid is not an article of commerce, and ia only met with in the labor*- | 
toi^. It ia a colourless, transparent liquid, and bo extremely volatile I 
that, if a drop fall on a glass plate, a portion of it freezes. It has a very I 
peculiar peach-blossom odour, and is intensely poisonous. It reddena ] 
litmus feebly and transiently, dissolves red oxide of mercury freely, I 
forms a white precipitate of argentic cyanide when treated with silver I 
nitrate, and responds to the other tests described hereafter. 
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Medicinal Preparations of Prussic Acid. — The B.P. acid is a 
watery eolation of pruseic acid ; its specific gravity should be 0-997, and 
it should contain 3 per cent, of the anhydrous acid ; 2 percent, is also 
the amount specified in the pharmacopceias of Switzerland and Norway, 
and in that of Borusdca (VI. ed.) ; the latter ordains, however, a 
spirituous solution, and the Norwegian an addition of 1 per cent, of con- 
centrated Bulpburic acid. The French prussio acid is ordered to be pre- 
pared of a atrengch equalling 10 per coot. 

The adulterations or impurities of prussic acid are hydrochloric, 

ralphuric,* and formic acids. Traces of silver may be found in tho 

inch acid, which is prepared from cyanide of silver. Tartaric acid is 

occasionally present. Hydrochloric acid is moat readily detected by 
neutralising with ammonia, and evaporating to dryness in a water-bath ; 
the ammonium cyanide decomposes and volatilises, leaving as a saline 
residue chloride of ammonium. This may easily be identified by the 
precipitate of chloride of silver, which its solution gives on testing with 
silver nitrate, and by the deep brown precipitate with Nessler solution. 
Sulphuric acid is, of course, detected by chloride of barium, formic acid 
by boiling a small ([uantity with a little mercuric oxide ; if present, the 
:ide will be reduced, and metallic mercury fall as a grey precipitate. 
lilver, tartaric acid, and any other fixed impurities are detected by 
evaporating the acid to dryness, and examining auy residue which may 
be left, It may bo well to give the various strengths of the acids of 
commerce in a tabular form. 



British PharmacopiBia. Switzerland, Norway, and Bor. (vj), 3 

France 10 

Vauquelln'fl Add, SS 

Scbeele'a, " 4 to 5* 

Hiner'B, " 10 

Bobiquet'B, " 60 

Scfaraeder's, " .... . , 1-5 

Duflofl', " 8 

Pfaffa, " 10 

Roller's, " 35 

In English commerce, the analyst will scarcely meet with any acid 
■onger than Scheele's 5 per cent. 

Impure oil of bitter almonds contains hydric cyanide in variable 
lantity, from 5 per cent, up to 14 per cent. There is an officinal pre- 

• A trace of sulphuric or hydrochloric acid should not be called an adultera- 
, for it greatly aBsists the preservation, and therefore makes the acid of 
aater therapeutic efficiency. 
I Strength very uncertain. 



168 



POISOSS: THEIK EFFECTS AND DETECTION. 



paration obtained by digesting chem-laurel leaves in water, and then 
distilliug a certain portion over. This Aijua Lauro-cerasi belongs to the 
old school of pharmacy, and ifl of uncertain streugth, bat varies from '7 
to 1 per cent, of HCN. 

Poisoning by Prussic Acid. — Irrespective of suicidal or criming 
poisoning, accidents from prussic acid may occur — 

1. From the use of the cyanides in the arts. 

2. From the somewhat extensive distribution of the acid, or rather 
of prussic-aeid-p reducing substances in the vegetable kingdom. 

1. In the Arts. — The galvanic silvering* and gilding of metals, 
photography, the colouring of black silks, the manufacture of Berlin 
blue, the dyeing of woollen cloth, and in a few other manufacturing pro- 
cesaea, the alkaline cyanides are used, and not unfrequently fumes u( 
prussic acid developed. 

2. In the Vegetable Kingdom. — A large number of plants oontaia 
amygdaliu, or bodies formed on the tyi^e of amygdalin. In the presence 
of emulsin (or similar principles) and water, this breaks up into prusflio 
acid and other compounds — an interesting reaction usually represented 
thus — 

C^„N0„+2H,0=.CNn+ C,H, 0+2 0,H„0, 

1 equivalent of amygdalin — i. e., 457 parts — ^yielding 1 equivalent A 
CNH or 27 parts ; in other words, 100 parts of amygdalin yield theo- 
retically 5'909 parts of prussic acid,t so that, the amount of either being 
known, the other can be calculated from it. 

The following plants, with many others, all yield, by appropriatft 
treatment, more or less prussic acid : — Bitter almonds. (Amggdaiut 
communis) ; the Amygdahis persice ; the cherry-lanrel {Prumis lauro- 
cera8tis) ; the kernels of the plum (Pnenvs domeslii-a) ; the bark, leaves, 
flowers, and fruit of the wild service-tree (Prunvs padus) ; the kemeli 
of the common cherry and the apple ; the leaves of the Prtntus caprt- 
cida ; the bark of the Pr. virginiana ; the flowers and kernels of the 
Pr. spinosa; the leaves of the Cerasus acida ; the bark and almost all 

•The preparation iised for the silvering of copper vessels is a aolutioaof 
cyanide of silver in potassic cyanide, to which is added finely powdered cbalk. 
Jlanipulationa with this fluid easily develop hydrocyanic acid fumea, which, b 
one case related by Martin {Arfzl. Inlrtlignubl., p. 135, 1872). wer« poweiM^ 
enough to produce symploms of poiaoning. 

t According to Liebig and Wohler. 17 grms. of amygdalin yield t of pi 
acid (I. c. 6-7 i>er cent.) and 8 of oil of bitter almonds. 34 parts of amygdalin. 
mixed with 08 of emnlain of almonds, given fluid equalling the strength of acid 
of most pharmacopccias, viz., 3 per, cent, 
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parts of the Sorbu8 ancitparia, S. hybrida and S. iormtnalisj the yoang 
twigB of the Cratagus oxtjcantha ; the leuvea and partly also the flowers 
of the shrubby Spiraacea, such as Spirea aruncus, 5- sorbifoUa and 
S.japonica ;* together with tho roots of the bitter and sweet Cassava, 

In only a few of these, however, has the exact amount of either 
pruflsic acid or amygdalin been determined ; 1 grm. of bitter almond 
pnlp ia about equal to 2J4 mgnns. of anhydrous prussic acid. The ker- 
nels from the stones of the cherry, according to Gciseler, yield 3 per 
cent, of amygdalin ; therefore, 1 grm, equals 1-7 mgrm. of HGN. 

The wild service-tree {Prunus padits) and the cherry-laurel (PruKus 
LauTO cerasus) contain, not amygdalin but a compound amygdalin with 
amygdalic acid ; to this has been given the name of lauro-cerasin. It was 
formerly known es amorphous amygdahn ; its formula is C„H„N'0„ ; 
933 parts are equivalent to 27 of hydric cyanide — that is, 100 porta equal 
3-89. 

In the bark of the service-tree, Lehmann found '7 per cent, of lauro- 
ceraein (^'02 HON), and in the leaves of the cherry-laurel 1*38 per 
■cent. (—-039 HON). 

Francis,! '" * recent research on the pmsaic acid in cassava root, 
gives as the mean in the sweet cassava 'OISS percent., in the bitter "0275 
per cent., the maximum in each being respectively -Q'iSS per cent., and 
■0443 per cent. The bitter fresh cassava root has long been known as a 
Tery dangerous poison ; but the sweet has hitherto been considered harm- 
less, although it is evident that it also contains a considerable quantity 
of prussic acid. 

The kernels of the peach contain about 3*85 per cent, amygdalin ; 
those of the plum ■9G per cent. ("-'OSe HON) ; and apple pips -C per 
cent. (—-036 per cent. HCN). 

It is of great jiractical value to know, even approximately, the quan- 
tity of prussic acid contained in various fruits, since it has been adopted 
as a defence in criminal cases that the deceased was poisoned by prussic 
acid developed in substances eaten. 

Sfah's/icK. — Poisoning by the cyanides (prussic acid or cyanide of 
potash) occupies the second jilace among poisons in order of frequency 
in this country, and accounts for about forty deaths annually. 

According to the statistics given on p. 30, in a thousand deaths 
from poisons of all kinds, two hundred and eighty-nine males and sixty- 
seven females are likely to die from tho cyanides. 

In order to ascertain the proportion in which the various forms of 
commercial cyanides cause death, and also the proportion of accidental, 
•The bark and green parts of the Priinua avium, L., Prunus TnaJud^, L., 
and herbaceous Spircpie yield no prussic acid. 

+ On PrUBsic Acid from Caasava, Aniilyst, April, 1877. p. S. 
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suicidal, and criminal deatba from the same canse, Falck collated 
twelve years of statistics from medical literature with the following re- 
sult : — 

In ftfty-oue cases of cyanide poisoning, twenty-nine were canaed bj" 
potassic cyanide, nine by hydric cyanide, five by oil of bitter almonds, 
. three by peach atones (these three wore children, and are classed 
'•domestic," that is, taking the kernels aa a food), three by bitter al- 
monds (one of the three suicidal and followed by death, the other t*> 
" domestic"), one by tartaric acid and potassic cyanide (a suicidal c 
aa apothecary), and one by ferro-cyanide of potassium and tartaric acid. 
Of the forty-three cases first mentioned, twenty-one were suicidal, BevaL> 
criminal, eight domestic, and seven medicinal ; the forty-three paticuti' 
were twenty-four men, fourteen children, and five women. 

The cyanides are very rarely used for the purpose of murder : a poi- 
son which hoB a strong smell and a perceptible taste, and which also kilifr 
with u rapidity only equalled by deadly bullet or knife-wounds, betrayi 
its presence with too many circiunstancea of a tragic character to find tir 
vour in the dark and secret schemes of those who desire to take life l^ 
poison. In 793 poisoning cases of a criminal character in Franc©, four, 
only were by the cyanides. 

Hydric and Potassic Cyanides were once the favourite means of selfr' 
destruction employed by suicidal photographers, chemists, ecienttfift 
medical men, and others in positions where such means are always at 
hand ; but, of late years the popular knowledge of poisons has increased, 
and self-poisoning by the cyanides scarcely belongs to a particular clasfc 
A fair proportion of the deatfis are also due to accident or unfortnnst*' 
mistakes, and a still smaller number to the immoderate or improper tut 
of cyanide-containing vegetable products. 

Acciikntal, and C'ritninal Poisoning by Prussic Acid. — The poiets 
is almost always taken by the mouth into tlie stomacb, but occasionaUj. 
in other ways — such, for example, as in the case of the ilhiatrioua chent^ 
ist, Schede, who died from inhalation of the vapour of the acid whida 
he himself discovered, owing to the breaking of a flask. There la i 
the case related by Tardieu, in which cyanide of potassium was intro- 
duced under the nails ; and that mentioned by Carriere,* in which ft 
woman gave herself, with suicidal intent, an enema containing cyanide 
of potassium. 

With regard to errors in dispensing, the most tragic case on record' 
IS that related by Arnold : j — A pharmaceutist had i>ut in a mixture (of 

' " BmpoitonnetneTit par U eyanure de potasiiiitm.—guiruon." Bullet. g6ninl 
de Thirap., 1869. No. 80. 

f Arnold. A, B. Case of Poiaoning by the Cyanide of Potassium, A 
Journal of Med. Seien., llj«e. 
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a child potassio cyanide instead of potassic chlorate, and the child died 
after the first dose : the chemist, however, convinced thiit he had made 
no mistake, to show the harmleseness of the preparation, drank some of 
it, and there and then died ; while Dr. Arnold himself, incautiously 
tasting the draught, fell insensihle, and waa unconscious for six hours. 

Fatal Boxe. — Notwithstanding the great number of persons who in 
everj- civilised country fall victims to the cyanides, it is yet somewhat. 
doTibtful what is the minimum dose likely to kill an adult healthy man. 
The explanation of this uncertainty is to be sought mainly in the Taryiug 
strength of commercial prusaic acid, which varies from 1-5 (Schraeder's) 
to 50 per cent. (Robiquet's) — and also in the varj'ing condition of the 
person taking the poison, more especially whether the stomach be full or 
empty. In by far the greater number, the dose taken has been much 
beyond that necessary to produce death, but this observation ia true of 
most poisonings. 

The dictum of Taylor, that a quantity of commercial prassic acid, 
equivalent to 1 English grain (C5 mgrm.) of the anhydrous acid would, 
under ordinary circumstances be sufficient to destroy adult life, has been 
generally accepted by all toxicologists. The minimum lethal dose of 
potaasic cyanide is similarly put at 2-41 grains {'ISTgrm.) As to bitter 
almonds, if it be considered that as a mean they contain 3"5 per cent, of 
amygdalin, then it would take 45 grms., or about 80 almonds, to producft 
a lethal dose for an adult ; with children less — in fact, 4-0 bitter almonds 
ore said to have produced poisoning in a child. 

Action of Hydric and Polassic Cyanides on Living Organisms. — 
Both hydric cyanide and potasaic cyanide are poisonous to all living 
forms, vegetable or animal, without exception. The cold-blooded 
animals take a larger relative dose than the warm-blooded, and the mam- 
malia are somewhat more sensitive to the poisonous action of these cyan- 
idea than birds ; but all are destroyed in a very similar manner, and 
without any essential difference of action. The symptoms produced bj 
hydric and potassic cyanide are identical, and, as regards general symp- 
toms, what is tiTie as to the one is also true as to the other. There is, 
however, one important difference in the action of these two substances, 
if the mere local action is considered, for potassic cyanide is very alka- 
line, possessing even caustic properties. I have seen, e. g., the gastric 
mucous membrane of a woman, who had taken an excessive dose of po- 
aaaic cyanide on an empty stomach, so inflamed and swollen, that its state 
was similar to that induced by a moderate quantity of solution of potash. 
On the other hand, the acid properties of hydric cyanide are very feeble, 
and its effect on mucous membranes and the skin in no way resembles that 
of the mineral acids. 

Symptoms observed in Atiimah. — The main differences between the 
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aymptoma indaced in cold-blooded and warm-blooded auimals, by a fatal 
dose or hjdric cyanide, are as follows : — 

The respiration in frogs is at first somewbat dyspncsic, then much 
slowed, and at length it ceases. The heart, at first slowed, later, con- 
tracts irregularly, and at length gradually ceases. But all these pro- 
greasive symptoms are without convnlaions. Among warm-blooded ani- 
mals, on the contrary, convulsions are constant, and the sequence of the 
B}'mptoma appears to be — dyspntea, slowing of the pulse, giddiness, fell- 
ing down, then convulsions with expulsion of the urine and foecea ; dila- 
tation of the pupila, exophthalmus, and finally cessation of the pulae and 
breathing. The convulaiona also frequently pa^a into general paralysis, 
with loss of reflex movements, weak, infrequent breathing, iiTegular, 
quick, and very frequent pulse, and considerable diminution of tempera- 
tore. 

The commencement of the symptoms in animals is extremely rapid, 
the rapidity varying according to the dose and the concentration of the 
acid. It was formerly thought that the death from a large dose of the 
concentrated acid followed far more quickly than could be accounted for 
by the blood carrying the poison to the nervous centres ; but Blake was 
among the first to point out that this doubt was not supported by facta 
carefully obscr\-ed. since there is always a sufficient interval between the 
entry of the poison into the body and the first symptoms to support the 
theory that the poison is absorbed in the usual manuer. Even when 
Preyer injected a cubic centimetre of CO per cent, acid into the jugular 
vein of a rabbit, 29 seconds elapsed before the aymptoma commenced. 
Besides, we have direct experiments showing that the acid — when ap- 
plied to wounds in limbs, the vessels of which are tied, while the free 
^e^^■ou8 communication is left open — only acts when the ligature la re- 
moved. Magendie describes, in his usual graphic manner, bow he killed 
a dog by injecting into the jugular vein pruasic acid, and the " dog died 
instantJy as i/strvck by acannon ba!l,"hut it is probable that the inte^ 
val of time was not accurately noted. A few seconds pa^ very rapidlfj 
a,nd might be occupied even by slowly pressing the piston of the syringe 
down, and in the absence of accurate measurements, it is surprising ho* 
comparatively long intervals of time are unconsciously shortened by the 
mind. In any case, this observation by Magendie has not been confirmed 
by the accurate tests of the more recent experimenters ; and it ia unive> 
aally acknowledged that, although with strong doses of hydric cyanide 
injected into the circulation — or, in other words, introduced into the sn- 
tem — in the moat favourable conditions for its speediest action, death 
occurs with appalling suddenness, yet that it takes a time sufficiently long 
to admit of explanation in the manner auggested. This haa forensic im- 
portance, which will be again alluded to. Experiments on aoim&Is shov 



that ft larf^ doae of s dilute acid kills quite as quickly as an eqaivaleot 
dose of a stronger acid, and in some cases It even seems to act more rap- 
idly, If the death does not take place within a few minutes, life may be 
prolonged for hours, and even, in rare cases, days, and yet the result be 
death. Coullon poisoued a dog with prussic acid ; it lived for nineteen 
duyg, and then died ; but this is quite an exceptional case, and when the 
latal issue is prolonged beyond an hour, the chance of recovery is con- 

tsiderable. 

■ The length of time dogs poisoned by fatal doses survive, generally 

Taries from two to fifteen minutes. When the doae is short of a fatal 
one, these symptoms are as follows : — Evident giddiness and distress ; the 
tongue is protruded, ihe breath is takeu in short, hurried gasps, there is sa- 
livation, and convulsions ra]iid!y set in, preceded, it may be, by a cry. The 
convulsions pass into pai-alysis and insensibility. After remaining in this 
state some time, the animal again wakes up, as it were, very often howls, 
and is again convulsed ; finally, it siuks into a deep sleep, and wakes up 
well. 

Preyer noticed a striking difference in the symptoms after section of 
the vagus in animals, which varied according to whether the poison was 
administered by the lungs, or aubcutancously. In the first case, if the 
dose is small, the respirations are diminislied in frequency ; then, this 
ie followed by normal breathing ; if the dose is larger, there is an in- 
crease in the frequency of the respirations. I^aetly, if a very large 
quantity is introduced into the lungs, death quickly follows, with res- 
pirations diminished in frequency. On the other hand, when the poison 
IS injected subcutaneously, small doses have no infiuence on the breath- 
ing ; but with large doses, there is an increase in the frequency of the- 
respirations, which sink again below the normal standard. 

Symptoms in Man. — ^Tien a fatal but not excessive dose of either 
potaaeic or hydric cyanide is taken, the sequence of symptoms is as fwl- 
lowB : — Salivation, with a feeling of constriction in the throat, nausea, 
aud occasionally vomiting. After a few minutes a peculiar coDstricting 
pain in the cliest is felt, and the breathing is distinctly affected. Giddi- 
nesB and confusion of sight rapidly set in, and the person falls to the 
ground in convulsions similar to those of epilepsy. The convulsions are 
either general, or attacking only certain groups of muscles ; there is of- 
ten true trismus, and the jaws are so firmly closed that nothing will part 
them. The respiration is peculiar, the inspiration is short, the expira- 
tion prolonged,* and between the two there is a long interval ever be- 
" In a case quoted bj Seidel (Maschka's Handbuch, p. 321), a man, tbirtj-aix 
jeaiB of age, four or five minutes after swallowing -16 anlijdrous nCN in epir- 
its, lay apparently UfeleBS, without pulse or breathing. After a few miuuteswaa 
noticed an exlrBordinary deep eipiration, by which the ribs were drawn in almost 
to the Bpine, and the chest made quite hollow. 
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coming more protracted as death is imminent. The skin is pale, or bine, 
or grt-yiah-blue ; the eyea are glassy and ataring, with dilated pupils ; the 
mouth is covered with foam, and tho breath smells of the poison ; the 
pulse, at first quick imd small, sinks in a little while in freqaency, and at 
length cannot he felt. Involuntary evacu ad on of freces, nrine, an" 
men is often observed, and occasionally there has been vomiting, and s 
portion of the vomit has been aspirated into the air-passages. Finally, 
the convulsions pass into paralysis, abolition of reflex sensibility, and 
gradual ceasing of the respiration, With large doses these different 
stages may occur, but the course is so rapid, that they are merged the 
one into the other, and are undlstingnishable. The shortest time between 
the taking of the acid, and the commencement of the symptoms, may be 
put at about ten seconds. K, however, a large amount of the vapour is 
inhaled at once, this period may be rather lessened. The interval of time 
is so short, that any witnesses generally unintentionally exaggerate, and 
aver that the effects were witnessed before the swallowing of the liqnid— 
" As the cup was at his lips" — "He had hardly drunk it," &c. Then 
is probably a short interval of consciousness, then come giddiness, and, 
it may he, a cry for aasietance : and lastly, there is a falling down in 
convnlsions, and a speedy death. Convnlsions are not always present^ 
the victim occasionally appears to sink lifeless at once. Thna, in a caafl 
related hy Hufeland, a man was seen to swallow a quantity of acid, 
equivalent to forty grains of the pure acid — that is, about forty timet 
more than sufficient to kill him. He staggered a few paces, and then 
fell dead, without sound or convulsion. 

The very short interval that may thus intervene between the taking 
of a dose of pmssic acid and loss of consciousness, may be utilised b; 
the sufferer in doing various acts, and thus tliis interval becomes of im- 
mense medico-legal importance. The question is simply this: — Whul 
cau be done by a person in full possession of his facullies in ten seconds? 
I have found from experiment that, after drinking a liquid from a bottle, 
the bottle may be corked, the individual can get into bed, and arrange 
the bedclothes in a suitable manner; ho may also throw the bottle 
away, or out of the window ; and, indeed, with practice, in that short 
time a number of rapid and eompUcated acts may be performed. This 
is home out both by experiments on animals and by recorded coses, 

In Mr. Nunueley's numerous experiments on dogs, one of the ani- 
mals, 'after taking poison, " went down three or four steps of the stairs, sa* 
that the door at the bottom was closed, and came back again." A sec- 
ond went down, came up, and went again down the steps of a long wind- 
ing staircase, and a third retained sufficient vigour to jump over another 
dog, and then leap across the to]) of a staircase. 

In a remarkable case related by Dr. Gny,* in which a yooog nUOf 
• " Forensic Medicine," 4th Ed., p. 610, 
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rfter drinking more wine than uaual, was seized by a sudden impulse to 
take pruBflic acid, and drank about 2 drachma, jiroduciug symptoms 
which, had it not been for prompt treatment, would, in all proba- 
tilitj, baye ended fatally — the interval ia again noteworthy. After tak- 
ing the i-oiaon in Dod, he rose, walked round the foot of a cheat of draw- 
ers, standing within a few yards of the bedside, placed the stopper firmly 
in the bottle, and then walked back to bed with the intention of getting 
into it ; but here a giddiness seized him, and he sat down on the edge, 
and became insenaible. 

A caae related by Taylor ia still stronger. A woman, after swallow- 
ing a fatal dose of essence of almonds, went to a well in the yard, drew 
water, and drank a considerable quantity. She then aaceudcd two flights 
of stairs and called her child, again descended a flight of stairs, fell on 
her bed, and died within half an hour from the taking of the poison. 

Kevertheloss, these cases and similar ones are exceptional, and only 
show what is poaaible, not what ia uaual, the rule being that after fatal 
doses no voluntary act of significance — save, it may be, a cry for asaia- 
tance — is performed. 

Chronic Poisoning by Eydric Cynwirf* issaid to occur among photo- 
graphers, gilders, and those who are engaged daily in the preparation or 
handling of either bydric or potaasic cyanides. The symptoms are those 
of feeble poisoning, headache, giddiness, noises in the ears, difficult res- 
piration, pain over the heart, a feeling of constriction in the throat, loss 
of appetite, nansea, obstinate conatipation, full pulse, with pallor and 
oflensive breath. 

Physiological Action of Hydric Cyanide. — Notwithstanding the 
many researches which have been made with a view to explain fully the 
action of hydric cyanide, the subject is neither fully exhausted nor eluci- 
dated. The symptoms bear a atrikiug analogy to suffocation, or death 
by asphyxia, and from the changes which occur in the blood (rendering 
that fluid unfit to carry oxygen to the different parts of the system), it 
appears probable that in the first inataijce the respiratory nervous centres 
are affected, and next, that those fine processes aptly termed " internal 
respiration," in wliich takes place the interchange of oxygen and carbon 
dioxide between the atatiouary living cells of the tisanes and the moving 
living cells of the blood, are interfered with. The respiratory centre of 
the medulla oblongata being paralysed, convulsions occur ae a natural se- 
.qnence, but whether the cause of this interference of function is due to 
hydric cyanide existing as auch in the blood, or whether it is due to 
ohanges or compounda which hydric cyanide induces in the blood, is a 
moot queation. Preyer considers that hydric cyanide acts directly on 
the vagus centre, and this is the moat jii-obable theory. 

Action of Prusnic Acid on the Blood. — Hydric cyanide combiaes 



170 POISONS: THEIR EFFECTS ASD DETECTION. 

with the hemoglobin of the blood, ami is slowly excreted ; it also mta* 
than any other poison prevents the exchange of oxygen. If blood eatn- 
rated witli hydrocyanic acid bo treated in an absorption-tubu with pure oxy- 
gen, the gas is not absorbed, nor is the colour of the blood changed ; if 
blood saturated with oxygen be confined over mercury, and a little h 
drocyanic acid in solution be added, there is a gradual development oj 
gas, which IB found to consist of oxygen and carbonic anhydride. 

Hydric cyanide appears to form a definite crystalline componnj 
with the blood ; and Iloppe-Seyler has observed crystals from blood cod* 
taining HCN, in which the latter wna in such powerful corobinatioiv 
that thej crystallised out of warm water. By distillation with an acid, 
prussic acid was obtained.* Ralph j has described blue masses, like Ba^ 
lin blue, in the blood, which ho considers characteristic of hydrocyaui? 
acid poisoning. Dragendorff has specially looked for this appearance 
but has failed to find the blue substance. 

According to Schonbein, the blood corpuscles posseBS the power oj 
decomposing peroside of hydrogen into water and oxygen ; they lose tbif 
property if the blood contains hydrocyanic acid. In the latter ( 
addition of peroxide of hydrogen J produces a brown colour with th* 
blood, and causes the spectroscopic bands to disappear. Ab we haw 
stated, this brown colour is not produced by normal blood. Nomal 
blood again effervesces (owing to the escape of oxygen) when treated witk 
hydric peroside ; this does not take place with the cyanised blood. Ca- 
per speaks very favourably of these characteristics as confirmatory teil* 
in cases of suspected prussic acid poisoning.g In performing thettf* 
with cyanide of potash, the alkah decomposes hydric peroside. anditii 
necessary to neutralize with an acid.|| 

It is not known what becomes of hvdric cyanide after ingestion, but 
it is without doubt in part separated by the lungs and skin in the « 
tions. It has not indeed been recognized, but it is possible that it ib- 
composes into ammonia and formic acid. 

Post-mortem Appearances.*^ — If we for the moment leave out d 

* ViTthoip'i ArehivfSr Path. Anat.. Bd, 38., p. 485. 

t Joiim. o/Mieroseop. Science. London, New Series, Oct. 24. 1866. 

J Priioxide of liydrogen is an article of commerce ; should, however, none' 
at hand, it may be prepared by heating baryta in a current of air, when, bj t 
action of dilute HCl in the peroxide of barium, a solution of HiO. is obtained. 

% Hiiitdbueh, 6th Ed., p. AW!. 

I Judell, Die VergifUing mit Blau^'lure. Erlangen, 18T8. 

U Hydric cj'aaide has. according to C. Brame, a remarkable antisectic 



and if adminifltered in sufficient quantity to animals, preserves them after derf 
for a month. He conaiders that there is some more or less definite combinatia 
with the tisBues. 
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oonsidenitioQ any changes which may bo aeon In the stomach after doses 
of put&ssic cyanide, then it maybe affirmed that the pathological changes 
prtxliiced by hydric and potussie cyauides mainly coincide with those 
produced by Buffocation, The post -luorlem appearances in the corpse of 
an adult euflocated by carbon dioxide and one poisoned by hydric 
cyanide, will present no difference which can be appreciated by the eye. 
Tlie lunga and right heart are full of blood, and there is a backward en- 
gorgement produced by the pulmonic block. The veins of the neck and 
the vessels of tlje heati generally are full of blood, and, in like manner, 
the liver and kidneys are congested. In the mucous membrane of the 
bronchial tnbes there is a bloody foam, the lungs are gorged, and often 
cedematous in portions ; ecchymosea are seen in the pleura and other 
serous membranes ; and everywhere, unless concealed by putrefaction, or 
some atroug-sm piling ethereal oil, there is an odour of hydric cyanide, 

Casper ha« rightly recommended the head to be opened and ex- 
amined first, BO as to detect the odour, if present, in the brain. The 
abdominal and chest cavities usually possess a putrefactive smell, but the 
brain is longer conserved, so that, if this course be adopted, there is a 
greater probability of detecting the odour. 

The stomach in poisoning by hydric cyanide is not inflamed, but if 
alcohol has been taken at the same time, or previously, there may be 
more or less redness. 

In poisoning by potassio cyanide, the appearances are mainly the 
same as those just detailed, with, it may be, the addition of caustic local 
action. I have, however, seen, in the case of a gentleman who drank 
accidentally a considerable dose of potassic cyanide just after a full meal, 
not tlie slightest trace of any redness, still less of corrosion. Here the 
contents of the stomach protected the mucous membrane, or possihly the 
larger amount of acid poured out during digestion sufficiently neutralised 
the alkali. Potaavc cyanide, in very strong solution, may cause erosions 
of the lips, and the caustic effect may be traced in tlie mouth, throat, 
- gullet, to the stomach and duodenum ; but this is unusual, and the local 
effects are, as a rule, confined to the stomach and duodenum. The 
mucous membrane is coloiired blood-red, reacts strongly alkaline,* is 

•The following caae came recentiv under my own observation: — A stoui 
woman. 85 years of age, the wife of a. Frencli-polisher. drank, in afit of rage, a 
Bolution of cyanide of potash. It was estimated that about IS graiua of the solid 
Bnbetance were swallowed. She died within an hour. Tlie (ace was Buahed, the 
body not decomposed; the mouth smelt strongly of eyoDide; the stomach had 
about an ounce of bloody fiiiid in it, and was in a most intense state of conges- 
tion. There was commencing fatty degeneration of the liver, the kidneys were 
flabby, and the caiwule adherent. The contents of the stomach showed cyan- 
ide of potash, and the blood was very fluid. The woman was known to be of 
ititempent« faabita. 
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Bwolleii, and it may be eTcn ulcerated. The upper layers of the epith* 
linm are also often dyed with the colouring-matter of the blood, whid 
has been dissolved out by the cyanide. This last change ia a posl-mortet 
effect, and can be imitated by digesting the mucouB membrane of 
healtliy stomach in a solution of cyanide. The intensity ol thes 
cliangos are, of course, entirely dependent on tlie dose and emptiness t 
the stomach. If the dose is so small as just to destroy life, there maybi 
but little redness or swelling of the stomach, although empty at t 
time of taking the poison. In those cases in which there has beM 
vomiting, and a part of the Tomit has been drawn into the a 
there may be also inflammatory changt-s in the larynx. If ( 
almonds has been swallowed, the same stiglit inflammation may be ae«i^' 
which has been observed with other essential oils, but no t 
strong alkahne reaction, nor anj'thing approaching the effects of ibc 
caustic cyanide. 

In poisoning by bitter almonds no inflammatory change in th) 
mucous membrane of the coats of the stomach would bo anticipator 
yet in one recorded case there seems to liave been an eroded and inflamed', 
patch. 

Testa for Hydroajanic Acid and Cyanide of Potassium. — {1.) 
The addition of silver nitrate to a solution containing prussio aci^' 
or a soluble cyanide,* produces a precipitate of argentic cj-anida.. 
100 parts of argentic -cyanide are composed of 80'CO Ag and 19'4 CS,i 
equivalent to 20'1 HON". It is a white anhydrous precipitate, solnMi 
either in ammonia or in a solution of cyanide of potassium, but insoltt" 
hie in dilute nitric at'idf and water. Upon ignition it is decomposed' 
into CN and motalhc silver, mixed witli a little i)aracyanide of silver. 

A very neat process for the identification of cyanide of silver ia tin 
following: — Place the perfectly drj' cyanide in a closed or sealed tnbfc- 
containing a few crystals of iodine. On heating «lightly, iodide ot' 
cyanogen ia aubhmed in beautiful needles. TiiMe crystals again maybe 
dissolved in a dilute solution of potash, a httle ferrous sulphate addod, 
and hydrochlorio acid, and in this way Prussian blue produced. If thi ■ 
quantity to be tested is small, the vapoiir of the acid may ho evolved iH 
a very short test-tube, the month of which is closed by the ordinary thi* 
discs of microscopic glass, the under surface of which is moistened wi* 
a solution of nitrate of silver ; the resulting crystals of silver oy»n)d9 
are very characteristic, and readily identified by the microscope. 



t It ia soluble in hot dilute nitric acid, but separates on cooling, 
of silver cyanide, moistened with strong ammonia, develops needles; nl^ 
chloride treated similarly, octahedral cryatala. — (Bloxam), 
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(2,) If, instead of silver nitrate the disc be moistened Tritli a boIu- 
tion of sulpUate of iron (to which has been added a little potash), and 
exposed to the vapour a short time, and then Home dilute hydrochloric 
acid added, the moistened surface first becomes yellow, then green, 
lastly, and permanently, blue. No other blue compound of iron (with 
the exception of PruBsian blue) is insoluble in dilute hydrochloric acid. 

(3.) A third, and perhaps the most delicate of all, is the so-called 
eulphur test. A yellow sulphide of ammonium, contuiniag free Bulpbur, 
is prepared by saturating ammonia by SH„ first suspending in the fluid a 
little flnely-precipitated sulphur (or an old ill-preserved solution of sul- 
phide of ammonium may be used). Two watch-glasses are now taken ; in 
the one the fluid containing prusaic-acid is put, and the second {previously 
moistened with the sulphide of ammonium described) is inverted over it. 
The glasses are conveniently placed for a few minutes in the water-oven ; 
the upper one is then removed, the moiat surface evaporated to dryness 
in the water-bath, a little water added, and then a small drop of solution 
of chloride of iron. If hydrocyanic acid is present, the sulphocyauide of 
iron will be formed of a striking blood-red colour. 

(4.) The reaction usually called Schonbein's or Pagenstecher and 
Schonbein's* (but long known,| and used before the publication of 
their paper,), consists of a guaiacum paper, moistened with a very dilute 
solution of sulphate of copper {1 ; 2,000). This becomes blue if exposed 
to the vapour of hydrocyanic acid. Unfortunately, the same reaction is 
produced by ammonia, ozone, nitric acid, hypochiorous acid, iodine, bro- 
mine, chromate of potash, and other oxidising agents, so that its useful- 
I sess is greatly restricted. 

(5.) A very delicate test for prussic acid is as follows : — About one- 
lalf centigrm. of ammonia, ferrous sulphate (or other pure ferrous salt) 
»:id the same '[uautity of uranio nitrate, are dissolved in 50 cc. of water, 
and 1 cc. of tliis test liquid is placed in a porcelain dish. On now adding 
a drop of a hquid containing the smallest quantity of prussic acid, a grey- 
jnrple colour, or a distinct purple precipitate, is produced. J 

(6.) A hot solution of potassic cyanide, mixed with picric acid, as - 
enmes a blood-red colour, due to the formation of picro-cyanic acid. Free 
EON does not give this reaction, and therefore must first be neutralised 
It an alkali. 

All these tests, where there is sufficient material, can be directly ap- 

" JVeufaIt^ertdeI%arm..'lS, 356. 

4 This reaction (with tinctxire of guaiacum and copper) has been long knowu. 
I remember a pharmaceutist who attended my father's laboratory, showing me 
this t«st in 1828 or 1829.-— Mohr-a " Toxieologie." p. 83. 

;M. Casey Le&.—Amer. Joum. of Seienee [3], ii., p. 121-123 ; J. C. Society, 

,1876, voL i, p. na. 
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plied eitlierto the eolntion of praseic acid itself, or to that of cvanide a 
potash ; where necessary, neutralising the one with an alkali, and acidi> 
fying the other with an acid — cyanide of potasli readily yielding fre» 
prussie acid. 

Separation of Hydric Cyanide or Pota&sie Cyamde from Orffantt 
Matters, mich as the Contents of the Stomach, £c. — It ia very necessary^ 
before specially searching for hydrio cyanide in the contents of the stom* 
ach, to be able to say, by carefnl and methodical examination, whether thew 
are or are not any fragments of bitter almonds, of apples, peaches, or other 
substances likely to produce hydric cyanide. If potassic cyanide h$i 
been taken, simple distillation will always reveal its presence, because if 
is found partly decomposed into hydric cyanide by the action of the gi 
trie acids. Xeverthelesa, an acid should alwai's be added, and if, as i 
the routine process given at page 61, there is reasonable doubt for 
snspecting that there will be no cyanide present, it will be best to add 
tartaric acid (for this organic acid will in no way interfere with subw- 
quent operations), and distil, as recommended, in a vacuum. If, bov> 
ever, from the odour, and from the history of tlie case, it is pretty sun 
to be a ease of poisoning by hydric or potasaic cyanide, then the Bnb- 
stances, if fluid, are at once placed in a retort or flask, and acidified irith 
a suitable •[nnntity of sulphuric acid, or if the tissues or other solid n 
ters are under examination, they are finely divided, or puljied, and di* 
tilled, after acidifying with sulphuric acid as before. It may be well 
here, as a caution, to remark that the analyst must not commit the i 
pardonable error of first producing a cyanide by reagents acting on mi- 
mal matters, and then detecting as a poison the cyanide thna mannluo- 
turcd. If, for example, a healthy liver is carbonised by nitric acid, sat- 
nrated with potash, and then burnt up, cyanide of potash is always oM 
of the products ; and, indeed, the ashes of a great variety of nitrogenou 
organic substances may contain cyanides — cyanides nut pre-existing, but 
manufactured by combination. 

The old method of distillation was to distil by the gentle heat of » 
water-bath, receiving the distillate in a little weak potash water, and nut 
prolonging the process beyond a few hours. The experiments of Soto- 
loff, however, throw a grave doubt on the suitability of this siniplB 
method for quantitative results. 

N. Sokoloff* recommends the animal substances to be treated bf 
Wiiter strongly acidified with hydric sulphate, and then to be distilled 11 
the water-bath for from two to three days ; or to be distilled for twenty- 
four hours, by the aid of an oil-bath, at a high temperature. Ho |iv* 
the following example of quantitative analysis by the old proceB of 
niorely distilling for a few hours, and by the new : — 

• Btr: d. Dei^tch. Ckem. Oeedlaeh. Berlin. Ix., p. 1038. 
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Old Process. — (1.) Body of n hotind — age, ttro veara ; weight, 5, ISO 
; dose administered, 57 mgrma, JIC\ ; death in flfteeo miuutea. 
r fiye days tliere was found in the saliva 0-6 mgmi., stomach 3'3 
ma., in tba rest of tlie inw^inea, 2'6 mgrma., in the muscles, 4'1 — 
, 10-5. 

(2.) Weight of body, 4,000 grras. ; dose given, 38 mgrms. ; death 
in eleven minutes. After fifteen days, in the saliva, 0-8, in the stomach, 
7'2, in the rest of the intestines, 2'ii, in tlie muacles, 3'2 — total, 13'4. 

iVpHi Process. — Weight of body, 6,700 grms. ; dose, 57 mgrms. ; 
death in twenty-focr minutes. After fifteen days, in the saliva, 1"1 
mgrm., in the stomach, 2 -6, in the rest of the intestines, 9-6, in the mus- 
cles, 31*9, and in the whole, 45'3 mgrms. Duration of process, thirteen 
hours, 

From a second hound, weighing 0,800 grms. ; doao, C7 mgrms. ; 
23*1 mgrms. were separated three days after death. 

From a third hound, weighing 5,920 grms. ; dose, 98 mgrma. ; after 
forty daj-s, by distillation on a sand-bath, there were separated 2'8 
mgrms. from the saliva, 4'8 from the stomuch, IC'8 from the intestines, 
6 from the muscles — total, 46 mgrma. 
It would also appear that he has separated 51'8 mgrms. of anhy- 
«)us acid from the corpse of a dog which had been poisoned by 57 
I. of acid, and buried sixty days.* 
From another canine corpse, three daya laid in an oven, and left for 
wenty-seven days at the ordiuary temperature, 5'1 mgrma. were recov- 
' ered out of a fatal doae of 38 mgrms. 

The estimation was in each case performed by titrating the distillate 
with argentic nitrate, the sulphur compounds having been previously got 
■ fid of by saturating the distillate with KIIO, and precipitating by lead 
■•cetate. 

I Mow long a/ler Death can Hydric or Polassic Cyanides be Detected f 
I— Sokolofff a])pear8 to have eeparated prussic acid from the body of 
libonnds at very long periods after death — in one case sixty days ; Dragen- 
■dorff recognised potassic cyanide in the stomach of a hound after it had 
■ieeafour weeks in his laboratory,! and in man eight days after burial. 
vCaaper also, in his 211th case, states that more than 18 mgrms. of anhy- 
K^roua prusBio acid were obtained from a corpse eight daya after death, g 

H * Without wishing to discredit the statements of M. Sokoloff, we may poiiit 
mnt that a loss of halt a dozen milligrammes oolj' appears tather extiaordinary. 

I f See note above. 

I t DiagendorS, G., Beitr. tar Qerieht. Chem., p. 60. 

L i Casper'a Prae. HimdbtKh dtr Oeriehtlichen Medicin, p. 561. 
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Dr. E. Tillner * has recognised potassic cyanide in ii corpse four ttonl 
after death. Lastly, Struvef put 300 grms. of flesh, 40(1 of common v 
ter, aad 2-378 of KCy in a flask, and then opened the flaak after U9 
days. The detection was easy, and the estimation agreed with 
placed there at first. Ho that even in very advanced stages of putrefaw 
tion, and at periods after death extending beyond many months, the 
tection of prussie acid cannot be pronounced impossihle. 

Estimation of HydTocyame Acid or Potassic Cyanide. — Inall 
the readiest method of estimating pmssic acid (whether it be in tlie dii> 
tillato from orgiuiic snbstauces or in aqueous solution), is to saturate il 
with Hoda or potash, and titrate the alkaline cyanide thus formed wit 
nitrate of silver. The process is based on the fact that there is first fonii> 
ed a soluble compound (RCy, AgCy), which the slightest excess of silvw 
breaks up, and the insoluble cyanide is at once precipitated. If gmini 
are used, 17 grains of nitrate of silver are dissolved in water, the solo- 
tion made up to exactly ICMX) grain measures, each grain measure equak 
ling '0054 grain of auhydrona hydrocyanic acid. If grammes are 
ployed, the strength of tho nitrate of silver solution should be 1 ■? gna. 
to the litre, each cc. then = -0054 hydrocyanic acid, or -01303 grin, rf 
potassic cyanide. 

Essential oil of bitter almonda may also be titrated in thia way, pro- 
vided it is diluted with sufficient spirit to prevent turbidity from sepan- 
tion of the essentiiU oil. If hydrocyanic acid is determined gravimetricaDj 
(which is sometimes convenient, when only a single estimation is to !» 
uiade ), it is precipitated as cyanide of silver, the characters of which 
have been already described. 

Case of Foiioning by Bitter AlTiumdi. — Instances of poiBoning by bittersl- 
monda are very rare. The following ioteresting case is recorded by Mastlika^- 

A uiaid-servant, 81 years of age. after a quarrel with her lover, ate a quan- 
tity of bitter almonds. In a few minutes she sighed, complained of feeling 
unwell and faint; she vomited twice, and, after about ten minutes mora bad 
elapsed, fell seBselesa and was convtilxed. An hour afterwards, a ph}rsiciA> 
found her insensible, the eyes rolled upwards, the thumb clenched within tilt 
shut fists, and the breathing rattling, the pulse very slow. She died within U 
hour and a half from the first symptoms. 

The autopsy showed the organs generally liealthy, but all, save t)ie liver, ex- 
haling a faint smell of bitter almonds. The right side of the heart was full of 
fluid dark blood, the left was empty. Both lungs were rith in blo<Hl. whicli 
smelt of prussio a«id. The stomach was not inflamed— it held 850 gnns. of » 
yellow fluid, containing white flocks smelling of bitter almond oil. In the nu** 
dependent portion of the stomach there was a swollen patch of mucous nW*" 
brane, partially denuded of epithelium. The mucous membrane of the dnodS' 

■ Vierfff/ahT. f. Gcrichtl. Med. Berlin, 1881, p. 1S3. 

t Zeiteehriftf. Anal. Chcmie, von Fresemne, 1878, xii„ p. 4. 
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s qIbo Bwollen uul slightly red. The contents of the stomach were acid, 
I &nd yielded, on diBtillation, hydride of benzole And hydrlc cyanide. Reaiduea of 
I the alniouds themselvea were also found, and the whole quantity taken by the 
■ ■woman from varioua data was calculated to be 1.200 graiua of bitt«r aJmondfl. 
Bequal to -iJ grains of amygdalin, or as grains of pure hydric cyanide, 



|iPOISONOUS CYASIDE8 OTHER THAN UYDRIO AND POTAS- 
SIO CYANIDES. 

The action of both aodic andammonic cyanides ia precisely similar to 
that of potaesic cyanide. With regiird to amnionic cyanide, there are 
Beveral experiments by Eulenberg,* showing that its vapour is intensely 
dsonons. 

A weak stream of amnionic cyanide vapour was paeaed into glaas 
tiisdes, under which pignoiia were confined. After a minute, symptoms 
of distress commenced, then followed convulsions and speedy death. 
IUhe post-mortem mgaB were similar to those produced by prussic acid, and 
this Bubstance was separated from the liver and lungs. 

"With regarti to the double cyanides, all those are poiaonona from 
which hydrio cyanide can ba aeparated through dilute acids, while those 
which, like potasaic ferro-cyanide, do not admit of this decomposition, 
may be often taken with impunity, and are only poisonous under certaiu- 
couditions. 

Sonnenschein records the death of a colouriat, after he had taken it 
dose of potossic ferro-cyanide and then one o( t-artaric acid ; and Vol.i 
describea the death of a man, who took potassio ferro-cyanide, and after- 
wards ef[ual parts of nitric and hydrochloric acids. In this latter case, 
death took place within the hour, with all the symptoma of poisoning by 
hydric cyanide ; so that it is not entirely tme, aa most test-books declare, 
that ferro-cyanide ia in no degree poisonous. On the contrary, there ai'o 
certain conditions in which it moy kill speedily. 

Mercuric Cyanide, it has been often said, acts precisely like mercu- 
ric chloride (corrosive sublimate), and a poisonous action ia attributed 
;to it not traceable to cyanogen ; bnt this is erroneous teaching, Bernard f 
that it is decomposed by the gastric juice, and hydric cyanide 
free : while Pelikan puts it in the same series as ammonic and potas- 
cyanides. Lastly, Tolmatacheff.t by direct experiment, haa found il» 
tion to resemble closely that of hydric cyanide, 




t Enige Benierk^tngen ibfr die Wlrkung ron Cyanqueek-SSber, i 
w'a Med. Chem. VnteraMhungea. 2 Heft, p. 379. 



lo4 POISONS : THEIB EFFECTS AXD DETECTIOK. 

Silver Cyanide acta, according to the experiments of Nnnneley, alai 
like hydric cyanide, but very much weaker. 

Hydric Sulphocyanide in very large doses la poisonous. 

Potassic Snlp/iocpanide, according to Dubreuil and LegroB,* if sub- 
cntaneouslj injected, causes first local paralysis of the mascles, and later, 
convulsions. 

Cyanogen Chloride (CNCl) and also the compound (C^'jCl,) — thS; 
one a liquid, boihng at 15°,the other a solid, which may be obtaiued in. 
crystals — are both poisonous, acting like hydric cyanide. 

Methyl Cyanide is a liquid obtained by distillation of a mixture of 
calcic methyl sulphate and potassic cyunido. It boila at 77°, and ia in- 
tensely poisonous. Euleuborgt liaa made with this substance several 
esperiments on pigeons. An example of one will suflBce : — A youag 
pigeon was placed under a glass shade, into which methyl cyanide vapour, 
developed from calcic methyl sulphate and potassic cyanide was ad- 
mitted. The pigeon became immediately restless, and the ffecea were 
expellod, Ib forty seconds it was slightly convulsed, and was removed 
after a few minutes' exposure. The pupils were then observed not to be 
dilated, but the respiration had ceased ; the legs were feebly twitching; 
. tlie heart still beat, but irregularly ; a turbid white fluid dropped out of 
the beak, and after six minutes, life was extinct. 

The pathological appearances were as follows : — In the beak mucli 
watery fluid ; the membranes covering the brain weakly injected ; the 
plexus venosvs spinalis strongly injected ; in the region of the cervicd 
vertebra a small extravasation between the dura nuiter and the bono 
the right lung of a clear cherry-red colour, and the left lung part- 
ly of the same colour, the parenchyma presented the same hue as ths 
surface ; on section of the Innga a whitish froth exuded from the cut 
surface. In the cellular tissue of the trachea, there were extravasationi 
5 mm. in diameter ; the mucous membrane of the air-passages was jale; 
the right ventricle and the loft auricle of the heart were filled with coag- 
ulated and fluid dark-red blood ; liver and kidneys normal ; the blood 
dark-red, and very fluid, becoming bright cherry-red on exposure to tha 
air ; blood corpuscles unchanged. Cyanogen was separated, and identi- 
fied from the lungs and the liver. 

CyawKfJc ^wd (CjOiNiHi), one of the decomposition-products ob- 
tained from urea, is poisonous, the sj-mptoma and pathological efiecti 
closely resembling those due to hydric cyanide. In experiments on ani- 
mals, there has been no difficulty in detecting prussic acid in the lung* 
and liver after poisoning by cyanuric acid. 

• Cmnpf. Bend. t. 64. 1867, p. 661. 
t Oeuxrbe Hygiint, p. 893. 
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Xn.— PHOSPHORUS. 

Phosphorus. — Atomic weight, 31, specific grayity, 1*77 to 1-840. 

PhoBphoruB melts at from 44,4° to 44 "S" to a pale yellow oily fluid. The 
boiling point is about 290°. 

The phosphoniB of commerce is usually preserved under water in 
the form of waxy, semi-transparent sticks ; if exposed to the air, white 
fumes are given off, luminous in tho dark, with a peculiar oniou-likf 
odour. On heating phosphorus it readily inflames, burning with a very 
white flame. 

At 0° phosphorus is brittle ; the same quality may be imparted to 
•it by a mere trace of sulphur. Phosphorus may be obtained in dodeca- 
Ikedral crystals by slowly cooling large melted masBCB. It may also be 
obtained crystalline by evaporating a solution in bisulphide of carbon, or 
hot naphtha in a current of carbon dioxide. It is usually stated to be 
absolutely insoluble in water, but Julius Hartmann * contesta this, hav- 
ing found in some experiments that 100 grma. of water digested Hith 
'phosphorus for 64 hours at 38'5° dissolved •00032'? grm. He also inves- 
tigated the solvent action of bile, and found that 100 grms. of bile, nuder 
the same conditions, dissolved -03434 grm., and that the solubility of plios- 
phoruB rose both in water and bile when the temperature was increased. 
Phosphorus ia somewhat soluble in alcohol and ether, and also, to some 
extent, in fatty and ethereal oils ; but the best solvent is carbon 
di sulphide. 

The following is the order of solubility in certain menstrua, the fig- 
urea representing the number of parts by weight of the solvent requii-ed 
to dissolve one part of phosphorus : — 

Carbon Disulphide 4 

Almond Oil, lOO 

Concentrated Acetic Acid.f .... 100 

Ether, 8ft0 

Alcohol, Specific Gravity ■833, .... 400 

Glycerine, ...... . 688 

Phosphorus exists in, or can be converted into, several allotropic 
modifications, of which the red or amorphous phosphorus is the most ini- 
Mttant. This is effected by heating it for some time, in the absence of 

' Zur acuten Fhogphor-Vergiftimg. Dorpat, 1866. 

+ Fhosphorua is very little Hoiuble in cold acetic acid, and the solubility given 
Ii only correct when the boiling acid acts for some time on the phosphorus. 
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air, from 230° to 235°. It la uot poisonous.* Oommercinl rfed pliospl» 
rua (loea, however, contain very email qiiantitic^e of unchftnge'I or oniin 
iiry plioaphoruB — according to Freaeniua, from '6 per cent, downwardgj 
it «l80 eontaiua phosphorus aciii, and about 4'6 per cent, of othw la 
purities, among which is graphite, f 

Phosphuretted Hydrogen. — Pkoxphine (PH,), mol. weight, 34, spff 
cific gravity, 1-178, percentage composition, phoaphorna 91 -43, bydrogea 
8-57 by weight. The absolutely pure gas is not spontaneously inflamm» 
ble, but that made by tho ordinary process is so. It is a colourlea^ 
highly-poisonous gas, which does not support combustion, but is it«' 
combustible, burning to phoaphorie acid (PII,4-20^PO(H,). Extreme* 
ly dangerous esploaive mixtures may be made by combining phospliiai 
and air or oxygen. Phosphine, when quite drj% bums with a whit* 
flame, but if mixed with aqueous vapour, it is green ; hence a hydrogen 
flame containing a mixture of PH] jiossesees a green colour. 

If sulphur is heated in a stream of phosphine, hydric sulphide stii 
sulphur phosphide are the products. Oxides of the metals, heated *ilh 
phosphine, yield phosphides with formation of water. Iodine, wanned 
in phosphine, gives white crystals of Iodine phosphonium, and biniodiite 
of phosphorus, 6I+4PIIj=3PIH.+PI^ Chlorine inflames the ga«. the 
final result being hydric chloride and chloride of phosphonis, PH,-t-8CI 
=3ClH+PClj. One of the most imp6rtant decompositions for our par- 
pose is the action of phosphine on a solution of nitrate of silver ; the« 
is a separation of metallic silver, and nitric and phosphoric acida w* 
found in solution, thus, 8AgNO,+ PH,-(-4OH,=8Ag4-8HNO,+P0A 
The excess of silver can be separated by hydric chloride, and the pb* 
phoric aeid made evident by the addition of molybdic acid in excess—* 
test which is one of the best we have for phosphine, and hence Itf 
pliosp horns. 

The Mtdicindl Preparations of Phosphorus are not numerouB ; it 
is usually prescribed in the form of pills, often made by mannfacturen 
of coated pills on a large scale. Besides pills, there is a phospkoratii 
oil ; that of the French pharmacopofia is made with 1 part of dri« 
])hosphonis dissolved in 50 parts of warm almond oil ; that of the Gfli- 
mau has 1 part in 80 ; the strength of the former is therefore 2 per oentj 
of the latter 1'25 per cent. 

Matches and Vermin Pastes. — An acquaintance with the pw 
centage of phosphorus in the diflerent pastes and matches of commerc* 
will be found useful. Moat of the vermin-destroying pastes contain 
from 1 to 3 per cent, of phosphorus. 

• A hound took 300 grma. of red phosphorue in twelve days, and 
health y. — Sonn enseheiii . 

\ Schlatter : Chem. Newt, vol. xxxvL . p. 198. 
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A phosphoms paste that was fatal to a child * and gave rise to 
serious symptoms in others, was composed as follow : — 

Per cent. 

PhoBphorus, 1*4 

Flowers of Sulphur, 422 

Flour 42-2 

Sugar, , . . 14*2 

10000 

Three common receipts give the following proportions : — 

Per cent. 

Phosphorus, * .... 1*5 

Lard, 18-4 

Sugar, 18-4 

Flour, 61-7 

1000 

Per cent. 

Phosphorus, . 1*2 

Warm Water, 267 

Rye Flour, 267 

Melted Butter 267 

Sugar, 18.7 

100-00 

Per cent. 

Phosphorus, Id 

Nut Oil 15 7 

Warm Water, 81-5 

Flour, 31-5 

Sugar, 19-7 

100-00 

A very common phosphorus paste, to be bought everywhere in Eng^ 
land, is sold in little pots; the whole amount of phosphorus con- 
tained in these, varies from -324 to -388 grm. (5 to 6 gms), the active 
constituent being a little over 4 per cent. Matches differ much in com- 
position. Six match-heads, which had been placed in an apple for 
criminal purposes, and were submitted to Tardieu, were found to con- 
tain 20 mgrms. of phosphorus, Le,, '33 grm. in 100. Mayet found in a 
hundred matches 55 mgrms. of phosphorus. Oonningf analysed ten 

* Casper's 204th case. 

fNederlandseh T^dschir, voor Oeneesk, Afol. !., 1866. 
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different kinds of phosphorus matclies with the following reanlt : — Thres 
English aiimples contained in 100 matches 34, '6-i, and 3'«i mgrms. of 
phosphorus ; a Belgian sample, 38 mgrms. ; and five others of unknown 
origin, 12, 17, 28, 32, and 41 mgrms. respectiTely. Some of the pub- 
lished formularies are as follows : — 

(1.) Glue, 6 partfl. 

PhoaphoniH, 4 '■ or H'4 per cent. 

Nitre. 10 ■■ 

Red Ochre, 5 " 

Blue Smalts, 3 " 

<3.) Phosphorus parts, or 16 3 percent 

Gum, . 16 ■* 

Nitre, U " 

Smalts 16 ■■ 

<3.) Phosphorus 4pftrtH, orl4-4pereent. 

Glue 6 " 

Nitre 10 •■ 

Red Lead, 5 " 

SnittltB 3 '■ 

(4) Phosphorus, .... 17 parts, or 17 per cent 

Ghie 31 •■ 

Mitre 88 " 

Red Lead, 24 " 

Phoaphoraa-poisoning by matches will, however, shortly become Terj 
rare, for those containing the ordinaiy variety of phosphorus are grad- 
ually being superseded by matches of excellent quality, which contain no 
phosphorus whatever. 

Statistics. — According to the Registrar-General's mortality retnnii 
for the five years, 1876-1880, phoaphoms occupies the eleventh place in 
the order of frequency among deaths from aU poisons. In those fiw 
years it caused the death of 17 males and 29 females, total 46 — a number 
perhaps equal to about 60 caaes. The total deaths in the same period 
from all poisons (omitting those from poisonous fungi, putrid shell-fob, 
and the like) were 1,581. It foUowa, that deaths from phosphorua-poi- 
soning accounted for 29 per thousand of deaths from poisoning bj all 
causes. The ages of the 46 persona whose deaths are recorded fell into 
the following groupa : — 
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10- 


15- 


20- 
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86- 


45- 
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Deaths from ] 
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Poisoning. ) 


34 
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1 
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lore, 27 (or rather more than half) were children, and 19 were 
adults. Fourteeu out of the 19 adults took phoaphoras for the purpose 
of suicide, alt the other cases were due either to accident or negligence. 

A far greater number of casea of poisoning by phosphorus occur 
yearly in France and Germany than in England. Phosphorus maybe 
considered a& the favourite poison, which the common people on the 
Continent employ for the purpose of self-destruction. It is an agent 
within the reach of any one who has two sous in his pocket, wherewith 
to buy a box of matches ; but to the educated, and to those who know 
the horrible and prolonged torture ensuing from a toxic dose of phos- 
phorus, such a means of exit from life will never be favoured. 

Otto 8chraube* has collected 92 cases from Meiachner's work.f and 
added 16 which had come under his own observation, giving in all 108 
oases. Seventy-one (or 66 per cent.) of these wore suicidal — of the sui- 
cides, 'ii were males, 47 females (12 of the latter being prostitutes) ; 'il 
of the cases were those of murder, 11 were accidental, and in 3 the cause 
vas not ascertained. The number of cases in successive years, and the 
kind of poison used, is given us follows : — 

Pboajibonu 

1788-1850 
1850-1880 
1860-1864 
1864-1867 

Of the 108 eaaea, 1" persons recovered and 90 (or83'3 per cent.) 



Faick has also collected 76 cases of poisoning from various t 
dnring the last eleven years ; 55 wore suicidal, 5 homicidalj (murders), 
and the rest accidental. Of the latter, 2 were caused by the use of phos- 
phorus as a medicine, 13 by accidents due to phosphonis being in the 
house ; in one case phosphorus was taken intentionally to try the effect 
of an antidote.^ With regard to the form in which the poison was taken 
2 of the 76, as already mentioned, took it as prescribed by physicians, 
the remaining 74 were divided between poisonings by phosphorus paate 

• SrJtmidi'a Jahr^icher cUr Oer. Med.. 1687. Bd. 186, 8. 209-348. 
t DU artite Photphorone und einige Reflexionen Biter die acvte gctbe Leberatro- 
fphie, <tc., Inaag. Diim. Liepzig, 1864. 

{ Dr. Dannenberg has shown by direct experiment that a poisonous dose o( 
f i^ioaphorua may bo introduced into spirits or coffee, and the raiKture have but 
"" 'e odour or taaie of phosphonia. — Schuchardt in Maschka's HancOmch. 

% 06ry, " Uber TerpentintaaenzaU OtgeJiJneltd gegen Phosphor." in Gaz. Rebd. 
\6Utd.,2Bet.. i„2, 1873. 
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(32) and matches (52) = 70 per cent. Of the 7C cases, 6 were cMtdrm, 
43 adult males, 13 adult females, and 14 adults, sei not given. Of the 
■ 76 cases, 42 or 55-3 per cent, died — a much smaller rate of mortahty 
than that shown by Schraube'a collection. 

Fatal Dose. — The smallest fatal dose on record is that mentioned by 
Lobenstoin Lobel, of Jena, where a lunatic died from taking "'5 mgrms. 
{■116 grain). There are other cases clearly indicating that this small 
quantity may produce dangerous symptoms in a healthy adult. 

Effects of Phosphorus. — Phosphonis ia excessively poisonous, and 
will destroy life, provided only that it enters the body in a fine state of 
division, bnt, if taken in coarse pieces, no symptoms may follow, forit 
has been proved that single lumps of phosphonis will go the whole length 
of a dog's intestinal canal without causing appreciable loss of weight, 
and without destroying life.* Magendie injected oleum phosphoratum 
into the veins, and although the animals experimented on exhaled while 
fumes, and not a few died asphyxiated, yet no symptoms of phosphonii 
poisoning resulted — an observation confirmed by others — the reaso 
ing that the phosphorus particles in a comparatively coarse state of di> 
vision were arrested in the capillaries of the lung, and may be said to 
have been, as it were, outside the body. On the other hand, A. BruD- 
ner, f working in L. Hermann's laboratory, having injected into the vein* 
phosphorus in such a fine emulsion that the phosphorus could pass the 
lung capillaries, found that there were no exhalations of white fumes, 
hut that the ordinary symptoms oC phosphorus poisoning soon manifested 
themselves. Phosphorus paste, by the method of manufacture, is in ft 
state of extreme sub-division, and hence all the phosphorus pastes are 
tremely poisonous. 

In a few poisons there is a difference, more or less marked, between 
the general symptoms produced on man, and those noticeable in the dif- 
ferent classes of animals ; but with phosphorus, the effects on animftU 
appear to agree fairly with those witnessed most frequently in 
Tardien (who has written perhaps the beet and most complete cliniul 
record of phosphorus poisoning extant) divides the cases under three 
classes, and to use his own words i "I think it useful to establish th>t 
poisoning by phosphorus in ita course, sometimes rapid, somctimeaBloiv, 
exhibits in its symptoms three distinct forms — a common form, a ner- 
voua form, and a lisemorrbagic form. I recognise that, in certain cases, 
these three forms may succeed each other, and may onlv constitute 
periods of poisoning, bnt it is incontestable tliat each of them may show 
itself alone, and occupy the whole course of the illness produoed bj the 

• EeveU, Ann. iFBygiine I'tM. (8), xii„ p. 870. 
i AnA. f. d. Get. FhysMogie, tii., p. L 
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pOTBon."* Premising that the common form ia a blenJing of irritunt, 
nerroua, and hsmorrliagic eymptoinB, I adopt here in part Tardieu'a 
diviiiion. The name of " hsemorrhagic form" may lie given to that in 
which hfemoirhage is the predominant feature, and the " nervous " to 
th«t in which the brain and spinal cord are from the first affected. 
There yet remain, however, a tew caeea which have an entirely unomal- 
ous course, and do not fall under any of the three classes. 

From a study of 121 recorded casea of phosphorus poisoning, I be- 
lieve the relative frequency of the different forms to be as follows :— The 
common form, 83 per cent., hsemorrhagic, 10 per cent., nervous, 6 per 
cent., anomalous, 1 per cent. The "anomalous " are probably over-esti- 
mated, for the reason that cases presenting ordinary features are not 
necessarily published, but others arc nearly always chronicled in detail. 

Common Form. — At the moment of swallowing, a disagreeable taste 
and smell are generally experienced, and there may be immediate and 
intense pain in the throat, gullet, and stomacb, and almost immediato 
retching and vomitiug. The throat and tongue also may become swol- 
len and painful ; but in a considerable number of cases the symptonia 
are not at once apparent, but are delayed from one to six hours — rarely 
longer. The person's breath may bo phosphorescent befure he feels in 
any way affected, and may go about his business and perform a num- 
ber of acta requiring both time and mental integrity. Pain in the 
stomach (which, in some of the cases, takes the form of violent cramp 
and vomiting) succeeds ; the matters vomited may shine in the dark, 
and are often tinged with blood. Diarrho?a is sometimes present, some- 
times absent ; sleeplessness for the first night or two ia very common. 
The pulse is variable, sometimes frequent, sometimes slow ; the tempera- 
ture in the morning is usually from 36 "O" to 36'5', in the evening 37° to 

38^ 

The next symptom is jaundice. I have notes of the exact occur- 
rence of jaundice, in 23 cases, as follows : — In 1 within twenty-four 
hours, in 3 within thirty-six hours, in 3 within two days, in 11 withiu 
three days, in 1 within four days, in 1 within five days, in 1 within nine 
days, in 1 withiu eighteen daj's, and in 1 within twenty-seven days ; so 
that in about 78 per cent, jaimdice occurred before the end of the third 
day. Out of 26 cases, in which the patients lived long enough for the 
occurrence of jaundice, in 3 (or 11 per cent.) it was entirely absent, In 
133 cases recorded by Lewin, Meischner, and Heisler, jaundice occurred 
in 65, or about 49 per cent., but it must be remembered, that in many 
of these cases the individual died before it had time to develop. Tho 
jaundice having thoroughly pronounced itself, the system may be con- 
sidered as not only under the influence of the toxic action of phoaphorus, 
* Jituda Medieo-Legale et Cliniqux mr FEmpoiaonnenunt. Paris, 18TS, p. 4S8, 
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bat as Buffering in addition from all the accidents incidental to the re- 
tention of the biliary secretion in the blood ; nor is there from this point 
any special difference between phosphorue poisoning and certain aSeo- 
tiona of the liver^nuch, for example, as acute yellow atrophy. There it 
retention of urine, sleeplessness, headache, frequent vomiting, painful and 
often involuntary evacuations from the howela, and occasionally skin aSeo- 
tiouB, such as urticaria or erythema. The cose terminates either by ocnte 
delirium with fever, followed by fatal coma, or, in a few instances, com* 
comes on, and the patient passes to death in sleep without delirium. In 
this common form there is in a few cases, at the end of from twenty-fonr 
to thirty hours, a remission of the symptoms, and a non-medical obserrer 
might imagine that the patient was about to recover without furtherdis' 
comfort ; but then jaundice supervenes, and the course is as described. 
Infants often do not live long enough for the jaundiced stage to develoiv 
but die within twenty-fonr hours, the chief symptoms being vomitinj 
and convulsions. 

Hipmorrhaffic Form. — The symptoms set in as just detailed, and 
jaundice appears, hut accompanied by a new and terrible train of eventi 
— viz., great effusion of blood. In some cases the blood has been ponrtd 
out simultaneously from the nose, mouth, bladder, kidneys, and bowdH 
Among women there is excessive monorrhagia. The liver is found tit 
he swollen and painful ; the bodily weakness is great. Such cae 
usually of long duration, and a person may die months after taking tht 
poison from weakness, aniemia, and general caehcjiia. In many of ' 
phases the htemorrhagic form resembles scurvy, and as in scurvy the» 
are spots of purpura all over the body, 

77io Nervous Form is less common than the two forms just described. 
From the beginning, there are strange creeping sensations about tlie 
limbs, followed by painful cramps, repeated faintings, and great BOtanfr- 
lence. Jaundice, as usual, sots in, erythematous spots appear on tht 
skin, and, about the fifth day, delirium of an acute character breaks ont, 
and lock-jaw and convulsions close the scene. 

The following are one or two brief abstracts of anomalous cases in 
which symptoms are either wanting, or run a course entirely different 
from ony of the three forms described : — 

A woman, aged twenty, took about 3 grains of phosphorus in ths 
form of rat-paste. She took the poison at six in the evening, behawd 
according to her wont, and sat down and wrot« a letter to the king. 
During the night she vomited once, and died the next mormng at sii 
o'clock, exactly twelve hoars after taking the poison. There appear tB 
have been no symptoms whatever, save the single vomiting, to "'bi™ 
may be added that in tlie course of the eveaiug her breath had a pliw- 
phorus odour and was luminous.* 

• Caaper'a 205th case. 



A girl srallowed a qnantity of phospborna paste, but there were no 
marked symptoms until the Sftb day, ou which there waa Eioknesfi and 
pRrging. She died on the seventh day. A remarkable bluenesa of the 
finger nails was observed a little before death and was noticeable after- 
wards.* 

SequeliB. — In several cases in which the patients have recovered from 
phosphorus poisoning, there have been observed paralytic affections.! 
0. Bollinger has recorded a case in which paralysis of the foot followed ;J 
in another, published by Bettleheim, g there were peculiar cerebral and 
pinal symptoms. Most of these cases are to be expbtined as disturbance 
r loss of function from small hiemorrbages in tlie nervous substance. 
Period at which the first Symptoms commence. — The time when the 
mptoms commence ia occasionally of importance from a forensic point 
t view. I find that out of 38 cases in which the commenoemcut of evi- 
Pdfint aymptoms — i. e., pain, or vomiting, orillness— Is precisely recorded, 
in 8 the symptoms were described as either immediate or within a few 
minutes after swallowing the poison ; in 6 the symptoms commenced 
within the hour ; in 3 within two hours ; in other 3 within four hours ; 
l^and in 1 within six hours. One was delayed until the lapse of twelve 
ors, 1 from sixteen to eighteen hours, 1 two, and another five days, 
IFe may, therefore, expect that in half the cases which may occur, the- 
mptoms will commence within the hour, and more than SO per cent, 
rithin six houi-s. 

Period of Death. — In 129 cases death took plaee as follows : — In 17 
Vithin twenty-four hours, in 30 within two days, in 103 within seven. 
Isya, Three patients lived eight days, 6 nine days, 13 ten days, 1 eleven 
■days, 1 sixteen days, 1 seventeen days, and 1 survived eight months. It 
'.hence follows that 79*8 per cent, of the fatal cases die within the week. 
Phosphorus Vapour. — There are one or two cases on record of acute 
poisoning by phosphorus in the form of vapour. The symptoms are 
somewhat different from the effects produced by the finely-divided solid, 
and in general terms it may be said that phosphorus vapour is more apt 
to produce the rarer " nervous" form of poisoning than the solid phos- 
phorus. 

Bouchardat i| mentions the ease of a druggist who, while preparing 

* Taylor on '■ Poisons," p. 277. 

t See Gallavardin. Les Paralyses Phoaphoriquea. Paria, 1886. 
t DeMchen Archivf. Klin. Med., Bd. 8, Hft. 1, B. 94. IBCB. 
jS WiinerMed. Preaae, 1868. No. 41. 

. Schucbardt in Maschka's Handbuch : 

, 101. 
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a large quantity of rat-poison in a close room, inhaled phosphorua Tsponr. 
He fainted repeatedly, fell into a complete state of prostration, and died 
within a week. 

The following interesting case came under the observation of Pro- 
fessor Magnus Husa :^A man, thirty-nine years old, married, wm 
admitted into the Seraphin-Lazareth, Stockholm, oa the 2nd of Feb- 
ruary, 1843. He had been occupied three years in the manufacture of 
phosphorus raatchea, and inhabited the room in which the materials were 
preserved. He had always been well-conducted in every way, and in good 
health nntil a year previously, when a large quantity of the material for 
the manufacture of the matches accidentally caught fire and exploded. 
In hia endeavours to extinguish the flames, he breathed a large quantity 
of the vapour, and ho fell for a time unconacious. The spine aft«rwardi 
became so weak that he could not hold himself up, and he lost, in k 
great measure, power over liis legs and arms. On admission, hia condi* 
tion was as follows : — Ho could make a few uncertain and staggering 
steps, his knees trembled, his arms shook, and if he attempted to grasf 
anything when he lay in bed, there were involuntary twitehings of 
groups of muscles. There was no pain ; the sensibility of the skin wil 
unchanged ; he had formication in the left arm ; the spine was neitbw 
sensitive to pressure, nor unusually sensitive to heat (as, e.g., to the ap- 
plication of a hot sponge) ; the organs of special sense were not afiFectedf 
bnt his speech was somewhat thick. He lived to 1845 in the same con- 
dition, but the paralysis became worse. There does not seem to haTB 
fcecn any autopsy. 

The effects of phoBphoms vapour may l>e still further elucidated by 
one of Eulenberg's* experiments on a rabbit. The vapour of burning' 
phosphonis, mixed with much air, was admitted into a wooden hutch in 
which a strong rabbit sat. After 5 mgrma. of phosphorus had been in 
this manner consumed, the only symptoms in half an hour were saliva 
tion, and quickened and somewhat laboured respiration. After twontv- 
four hours had elapsed there was sudden indisposition, the animal fell U 
if lifeless, with the hind extremities stretched out, and intestinal more- 
menta were visible ; there was also eipulsion of the urine. These epilep- 
tiform seizures seem to have continued more or less for twelve days, and 
then ceased. After fourteen days the experiment was repeated on tha 
flame rabbit. The animal remained exposed to the vapour for three 
quarters of an hour, when the epilepsy showed itself as before, and. in- 
deed, almost regularly after feeding. Between the attacks the respin- 
tion was slowed. Eight weeks afterwards there was an intense icterus 
which disappeared at the end of ten weeks. 

Clironic Phosphonis Poisoning has frequently been noticed in pe^ 
• Otmrrbe Hygihie, p. S6S, 
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sons engaged either in the manufftcture of phoaphorua or in its technical 
applioatiou. Some have held that the symptoma are due to an 03uda- 
tiou product of phosphorus rather than to phosphorus itself, but in one 
of Kulenberg-'a experiments, in which a dove was killed by breathing 
phosphorus fumes evolved by phosphorus oil, phoajihorua was chemically 
reuogniaed iu the free state in the hmgs. The most constant and 
peculiar effect of breathing small quantities of phoaphorua vapour ia a 
necrosia of the lower jaw. There is first inflammation of the periosteum 
«f the jaw, which proceeds to suppuration and necrosla of a greater or 
Bmaller portiou. The effects may develop with great suddennese, uud 
end fatally. Thaa Founder and Olliver* relate the case of a girl, four- 
■teen years old, who, after working four years in a a phosphoruB manufac- 
tory, was suddenly affected with periostitis of the upper jaw, and with 
intense anseniia. An erujjtion of purpuric spots enauod, and she died 
comatose. There ia now little doubt that minute doaea of phoaphorua 
lave a specifio action on the bone generally, and more especially on the 
twnes of the jaw. Wegnor f administered small daily doses to young 
»nimal3, both in the state of vapour, and as a finely-divided solid. The 
condition of the bones was found to be more compact than normal, the 
mednllary canals being amallcr than in healthy bone, the ossification was 
quickened. The formation of callua in fractured limba was also in- 



Changes in the Urinary Secrefton. — It has been before stated that, 
tX a certain period of the illness, the renal secretion ia scantier than in 
bealth, the urine diminishing, according to Lebert and Wyss's J re- 
'eearebeB, to one-half on the third, fourth, or fifth day. It frequently 
■contains albumen, blood, and casta. When jaundice ia present, the 
lirine has then all the characters noticed in icterus ; leucin and tyrosin, 
always present in acute yellow atrophy of the liver, have been found in 
Email quantity in jaundice through phosphorna ; lactic acid ia also 
present. The urea ia much diminished, and, according to Schultzen 
fcnd RiesBjg may be towards death entirely absent. Laatly, it ia said that 
there is an exhalation of either phosphorna vapour or phoaphino from 
mch urine (see p. 30(j). 

Changes in the Blood during life have been several times 
obaerved. In a case attended by M. Bomellrore of Brusaela,! 
in which a man took the paste from 300 matches, and under treat- 

•aw. h<*dde3frU,39,p.461,,1868. 

t Virchow'a Arrh. f. Path. A'tat.. Iv., 11. 

t ATehxv Gimrale de Mid.. 6 Ser., Tom. 13, 1888, p. 709. 

§ Annalen der CharitS, Berlin. 

I l^tdieu : Op. at. Case 31. 
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meat by turpentine recovered, the blood was frequently examined, and 
the leucocytes found much increased in number. There is a curiou 
conflict of evidence aa to whether phosphorus prevents coagulation of th« 
l)lood or not. pNasse asserted that phosphorated oil given to a dog fuUj 
prevented coagulation ; P. I. Liebrcck* also, in a eeries of researches 
found the blood dark, fluid, and in perfect solution. These obsemttioo* 
were also supported by Y. Bibra and Schuchardt.f Novertheleae Lebert 
and Vfysa found the blood, whether in the veins or in extravasations, i 
a normal condition. Phosphorus increases the fatty contents of the 
blood. Ritter found that phosphorus mixed with starch, and given to k 
dog, raised the fatty content from the normal 3 per thousand up to 3-41 
and 3-47 per thousand. Eug. Menard J saw in the blood from the jugu- 
lar aud portal veins, as well as in extravasations, microscopic fat globniet 
and flue needle-shaped crystals soluble in ether. 

Antidote— Trealment. — After emptying the stomach by means of 
emetics or by the stomach-pump, oil of turpentine in full medicinal 
doses, say 2'5 cc. (about 40 miu.), frequently administered, seems to act 
OS a true antidote, and a large percentage of cases treated early in this 
way recover. 

Poisonous Effects of Phosphine (Phosphuretted hydrogen). — Experi- 
ments on pigeons, on rats, and other animals, aud a few very rare casM 
among men, have shown that phosphine haa an exciting action on tha 
respiratory mucous membranes, and a secondary action on the nervous 
system. Eulenberg § exposed a pigeon to an atmosphere containing 1*68 
per cent, of phosphine. There was an immediate unrest ; at the end uf 
three minutes, quickened and laboured breathing (100 a minute) ; aXtet 
seven minutes, the bird lay prostrate, with shivering of the body an4 
wide open beak ; after eight minutes, there was vomiting ; after ninft 
minutes, slow breathing (34 per minute) ; after twelve minutes, oonml- 
aive movements of the wings ; and after thirteen minutes, general con- 
vulsions and death. 

The membranes of the brain were found strongly injected, and ther» 
were extravasations. In the mucous membrane of the crop there was also 
an extravasation. The lungs externally and throughout were of a dirty 
brown-red colour ; the entire heart was fllled with coagulated blood, 
which was weakly acid iu reaction. 

*Dia. ae Veii^oo Phonphweo Aaito, npsal. I84S. 

t V. Bibra u. Oeist, Die Kmnkheilfn der Arhriler in den, PhosphortunditA 
Fnbricken, 1M7, 8, 69, &c.— Henle u. v. Pfeuffer'a Zeittokr. f. Bation,. Med., K. F., 
Bd. 7, Hft. 3. 185T. 

X 6t-Hd6 ExpirimenfaU sur qfielquct liaion* de T EmpoiKonnement aigu par k 
Phi>gphorf. Tliese. Strasbourg, 1869. 

g OaiXTbij Bj/gHne, p. 278 
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In a second experiment witli another pigeon, there waa no atriking 
Bj'mptom save that of inoreased frequency of rcBpiratiou and loss of appo- 

' tite ; at the end of four days it was found dead. There was much coii- 
ition of the cerebral veins and vessels, the mucons membrane of the 

I trachea and bronchia wore weaklr injected, and the first showed a thin, 
plastic, diphtheritic-like exudation. 

Dr. Henderson's* roscsirchea on rata may also ba noticed here. He 
found that an atmosphere confiiating entirely of phosphine killed rata 
■within ten minutes, an atmoaphere with 1 per cent, in half an hour. 
The aymptomB observed were almost exactly similar to those noticed in 
tile first eiperimeTit on the pigeon quoted above, and the posl-morfem 
appearances were not dissimilar. With smaller quantities of the gas, 

, the first symptom was increased frequency of the respiration ; then the 
animals showed signs of suffering intense irritation of the skin, scratch- 
ing and biting at it incessantly , afterwards, they became drowsy, and 
assnmed a very peculiar attitude, sitting down on all-foura, with the 
back bent forward, and the nose pushed backwards between the forepaws, 
BO as to bring the forehead against the floor of the cage. When in this 
position, the rat presented the ap])earance of a curled-up hedge-hog. 
PhoBphine, when injected into the rectum, is also fatal ; the animals ex- 
hale some of the gas from the lungs, and the breath, therefore, reduces 
solutions of silver nitrate, f 

Brenner J haa recorded the case of a man twenty-eight years old, a 
pharmaceutist, who is supposed to have suffered from illness caused by 
repeated inhalations of minute quantities of phosphine. He was engaged 
for two and a half years in the preparation of hypophosphites ; his illness 
commenced with spots before the eyes and inability to fix the attention. 
His teeth became very brittle, and healthy as well aa canons, and broke 
off from very slight causes. Finally, a weakness of the arms and limbs 
developed in the course of nine months into complete locomotor at aiy. 

Blood takes up far more phosphine than water. Dybskowsky found 
that putting the coefficient of solubility of phosphine in pure water, at 
■1132 at 15°, the coefficient for venous blood was 13, and for arterial, 
26-73 ; hence the richer the blood is in oxygen t!ie more phosphine ia ab- 
sorbed. It aeema probable that the poisonous gas reacts on the oxyhie- 
moglobin of the blood, and phosphorus acid is foi-med. This is sup- 
ported by the fact that a watery extract of such blorni reduces silver m'- 
trate, and has been also found feebly acid. The dark blood obtained 

•Journ. Altai, and PhytioL, vol. xiii., p. 19. 

t Dybskowsky, Med. Chem. Unterauehuagen aua Hoppe-Seyler'a Labor, in 
T^Siingfii, p. 67. 

tSt. Fdersberg Med. Zcittehr.. 4 Hft., 18(B. 
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from animala poisoned by phospbine, when examined Bpectroscopicallj', 
has been found to exhibit a band in the violet. 

Posl-morlem Appearances. — There are a few perfectly well aathea< 
ticated cases showing that phosphorus may cause death, and yet no l6- 
sion be discovered afterwarda. Thus, Tardieu* cites a eafie in which ft 
woman, aged forty-five, poisoned herself with phosphorus, and died sud- 
denly the seventh day afterwards. Dr. Muscarel examined the visceri 
with the greatest care, but could discover absolutely uo abnormal condi- 
tion ; the only symptoms during life were vomiting, and afterwards ft 
little indigestion. It may however, be remarked that the microscope 
does not seem to have been employed, and that jirobabiy a close e 
nation of tlte heart would have revealed some alteration of its ultimutq 
structure. The case quoted by Taylorf may also be mentionedj in which 
a child was caught in the act of sucking phosphorus matches, and died 
ton days afterwards in convulsions. None of the ordinary poat-morlem 
signs of poisoning by phosphoi us were met with, but the intestines wei* 
reddened throughout, and there were no less than ten invaginationB 
but the case is altogether a doubtful one, and no phosphorus may so-, 
tually have been taken. It is very difficult to give in a limited epacs 
anything like a full picture of the different lesions found after deatk 
from phosphorus, for they vary according as to whether the death i( 
speedy or prolonged, whether the phospliorus has been taken as a finely- 
divided solid, or in the form of vapour, &c. It may, however, be shortly 
said, that the most common changes are fatty infiltration of the liverand 
kidneys, fatty degeneration of the heart, enlargement of tho liver, ecohj- 
moses in the serous membranes, in the muscular, in the fatty, and 
the mucous tissues. When death occurs before jaundice supervene^ 
there may be little in the aspect of the corpse to raise a suspicion rf 
poison ; but if intense jaundice has existed during life, the yellow stain- 
ing of the skin, and it may be, spots of purpura, will suggest to the exp«- 
ienced pathologist, the possibility of phosphorus poisoning. In ths 
mouth and throat there will seldom be anything abnormal. In i 
two cases of rapid death among infants, some traces of the matclid 
which had been sucked were found clinging to the gums. Tlie stomaob 
may be healthy, but the most common appearance is a swelling of tl» 
mucous memhi-ane and superficial erosions. Virchow.t who was tht 
first to call attention to this peculiar gray swelling of the intestinal 
mucous membrane under the name of gnMriils ghndularis or gastra- 
denifis, shows tliat it is due to a fatty degeneration of the epithelial oeil^ 

• L'Empouonnement. p. 530, 

+ " Poisons," 8rd Ed. , p. 278. 

J Virohow'8 Archivf. Path. Anat., Bd. 8!, Hft. 8., 399, S. 1864. 
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9bA that it IB by no means peculiar to pliosphorus poisoning. The ewgU- 
ing may be seen by properly -prepared sections to have its essential seat, 
in the glanda of the mucous membrane ; the glanrls are enlarged, theii' 
openings filled with large cells, and each single cell is finely granular. 
Little centres of hmmorrhage, often microscopically small, are seen, and 
may be the centres of small imflammations ; their usual situation is on thi' 
summit of the nigw. Very similar changes are witnessed after death 
from aepticafmia, pyjemia, diphtheria, and other diseases. The softening 
of the stomach, gangrene, and deep erosions, recorded by the earlier an- 
tiior«, have not been observed of late years, and probably were due to 
ti-mortem changes, and not to processes during life. The same changes 
to be seen in the intestines^ and there are numerous extravasations in 
peritoneum. 

The liver bIiowb of all the organs the most characteristic signs ; a 
tore or less advanced fatty infiltration of its structure takes place, which 
first described as caused by phosphorus by HaulT in I860.* It is the 
lost constant pathological evidence both in man and animal, and seems 
to occur at a very early period, Munk and Leyden having found a fatty 
degeneration in the liver far advanced in twenty-four hoursf after poi- 
soning. In rats and mice poisoned with paste, I have found the pro- 
cesses evident to the naked eye twelve hours after the fatal dose. Tlie 
liver is mostly large ; has a pale yellow (or sometimes an intense yelloiv) 
plonr ; on section the cut aurface presents a mottled appearance ; the 
iroua envelopes, especially along the course of the vessels, exhibit ex- 
"travasations of blood. The liver itself is more deficient in blood than in 
the normal condition, and the more bloodless it is, the greater the fatly 
infiltration. 

The microscopic appearances are also characteristic. In a recent 
of auieidal poisoning by ijhoaphorus, in which death took place on 
seventh clay, the liver was very carefully examined by Dr. G. F 
lart, who reports as follows : — 
Under a low power the structure of the liver is still readily recognisable, 
in this the specimen differs from slides of three cases of acute yellow 
•trophy thut I h.ive in mj possessiaD. The hepatic cells are present in large 
nUDibers, and li«ve Ibeir natural trabecular arraugoment. The columns are al> 
normally separated by dilated blood or tymph spaces, ami the iaJividual cells ar*.> 
cloudy and Ql-defined. The porta! cliannels are everywhere characterised by a 
crowd of small nuclei which stain with logwood deeply. The epithelium of tbe 
smaller ducts is cloudy, and blockti the tulKS in many cases. Under a high pow- 
er (one-fifth) it is seen tliat the hepatic cells are exceedingly ill-deftned in out- 
line, and full of granules and even drops of oil. But in many parts, even whero 
Hauff collected 12 cases and found a fatty liverinll.— lVflr(ein6. .Med. Cor- 
BL. 1860. No. 34. 

t Die Aetite PAotptwr-Vergiftung. Berlin, 1865, 
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the cells themselves nre haey, the nucleUH is still fairljr visible. It appesre to IM 
that, in opposition to what others have described, the nuclei of the cella hare is 
great measure resisted the degenerative process. The change in the cells i 
form throughout each lobule, but some lobules aj-e rather more affected thail 
others. The blood spaces between the cells are etaptv, and the liver appears to 
be very bloodless. The portal canals are uniformly studded with small round 
nuclei or cells, which are in pait, and might be said in great part, dne to increan 
of the connective tissue or to a cirrhotic process. But I am more disposed 
favour the view that they axe due to migration from the blood -veassels, becani* 
they are so uniform in size, and the hepatic cells and connective tissue in tl 
neiglibourhood are undergoing no changes in the way of growth whatever. 
cannot det«ct any fatty changes in the vessels, but some of the amallei' biliflif, 
ducts contain Borne cloudy albuminous material, and their nucIeatioD is not 
tinct. No retained biliary pigment is visible."* 

Oacar Wysa,! iu the case of a woman twenty-three years old, who 
died on the fifth day after taking phoephoruB, describe-8, in addition t« 
the fatty appearance of the cella, a new formation of cells lying between 
the lobules and in part Burroundiiig the gall-ducts and the braucJies of 
the portal vein and hepatic artery. 

Haikowsliy | found in animals, which be killed a few hours ntug 
administering to them toxic doaes of phosphorus, notable hyi)enemifl of^ 
the throat, intestine, liver, and kidneys — both the latter organs being 
larger than usual. The liver cells were swollen, and the nuclei veij 
evident, but they contained no fat, fatty drops being formed afterwaidi 

The Kidneys exhibit alterations very similar and analogous to thoM 
of the liver. They are mostly enlarged, congested, and flabby, with ei- 
travasationa under the capsule, and show microscopic changes essentially 
consisting in a fatty degeneration of the epithelium. In cases attended 
with hiemorrlmge, the tubuli may be here and there filled with blood, 
The fatty epithelium is especially seen in the contorted tubes, and ttw 
walls of the vessels, both of the capsule and of the malpighian bodies 
also undergo the same fatty change. In cases in which death has oo* 
corred rapidly, the- kidneys have been found almost healthy or a littla 
congested only. The pancreas has also been found with its stracture ia 
part replaced by fatty elements. 

Of great significance are also the fatty changes in the general mnfr 
eular system, and more especiallv in the heart. The muscular fibres rf 
the heart quickly lose their transverse striai, which are replaced by dropl 
of fat. Probably this change is the cause of the sudden death not unfre- 
quently met with in phosphorus poisoning. 

» "A Recent Case of Suicide," By Herbert J. Capon, M.D.— lancrf, Hafril 
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In the Lufi^s, when the phosphoma is taken in snbstance, thers is 
little " naked-eye " change, bnt Perls,* by manometric researches, has 
shown that the elasticity is always def reaeed. Aecording to eiperiments 
on animals, when the vapoor ia breathed, the mucous membrane is red, 
congested, swollen, and has an acid reaction. 

In the Nervous System no change has been remarked, save occasion- 
ally hcemorrhagic points and extravaaations. 

Dieu/iiostic Differences between Aatte Yellow Alrophy of the Liver 
and Fatty Liver produced by Phosphorus. — 0. Schultzen and 0, L, 
Hiess have collected and compared ten cases of fatty liver from phos- 
phorus poisoning, and four cases of acute yellow atrophy of the liver, 
and, according to them, the chief points of distinction are as follows : — 
In phoaphoruB poisoning the liver is large, doughy, equally yellow, and 
with the acini well marked ; while in acnto yellow atrophy the liver is di- 
miniahed in size, tough, leathei7, and of a dirty yellow hue, the acini not 
being well mapped out. The "phoaphorua" liver, again, presents the 
cella filled with large fat drops, or entirely replaced by them ; but in the 
" atrophy " liver, the cella are replaced by a finely- nucleated detritus and 
throngh newly-formed cellular tissue. Yellow atrophy seems to be es- 
sentially an inflammation of the intralobular connective tissne, while in 
phosphorus poisoning the cella become gorged by an infiltration of fat, 
which presses upon the vessels and lessens the blood supply, and the 
liver, in consequence, may, after a time, waste. 

There ia also a clinical distinction during life, not only in the les- 
sening bulk of the liver in yellow atrophy, in opposition to the increase 
of size in the large phosphorus liver, but also in the composition of the 
renal secretion. In yellow atrophy the urine contains so much leucine 
and tjTosin, that the simple addition of acetic acid causes at once a pre- 
cipitate, Scnltzen and Riess also found in the urine, in cases of yellow 
atrophy, oxymandelic acid (CjHgO,), but in cases of phosphorus poison- 
ing a nitrogenised acid, fusing at 184° to 185°. 

According to Maachka, gray-white, knotty, f»cal masses are found 
in the intestines in yellow atrophy, but never in caaes of phosphorus poia- 
oning. In the latter it is more common to find a slight intestinal ca- 
tarrh and fluid excreta. 

The Detection of Phoxphorus. — The following are the chief methods 
in use for the separation and detection of phosphorus : — \ 
•TVwfwft. Ar.-hinf. Klin. Med., vi,. Hft, 1, B. 1. 1880. 

t It has been recommended to dissolve the phosphorusout from organic mat- 
tert by carbonic diaulphide. On evaporation of the latter, the phosphorus is 
recognised by its phyalcal properties. Buch a method is of but limited apptica- 
tioQ, although it may sometimes be found useful, I have Buccessfully employed 
it in the extraction of phosphorus from the crop of a fowl ; but on tliis o. 
it luLppened to be present in large quantity. 
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1. Mitscherlich's Process. — The essential feature of thlsproceBBisBt 
ply distillation of free phosphorus, and observation of its luminous pn 
erties as the vapour cuniienses in the condensing tube. The conditioit| 
necessary for succesB are — (1) that the apparatus should be i 
darkness ; * and (3) that there should be no subetauce preaent, such || 
alcohol or ammouia.f which, distilling over with the phogphoniB-vai<oiirj 
could destroy its luminosity. A convenient apparatus, and one cer 
to be in u,\\ laboratorioe, is an ordinary Florence flask, containing tbl 
Uquid to be tested, fitted to a glass Li«)big's condenser, supported nn a 
iron sand-bath, which may, or may not, have a thin layer of sand), i 
heated by a Fletcher's low temperature burner. The distillate is recejini 
into a flask. This apparatus, if in darkness, works well ; but should t' 
observer wish to work in daylight, the condenser must lie enclosed in i 
bos perfectly impervious to light, and having a hole through which ll 
luminosity of the tube maybe seen, the head of the operator and the bo^ 
being covered with a cloth. If there be a stream of water passing co 
tinuonsly through the condenser, a beautiful luminous ring of light » 
pears in the u]}per part of the tube, where It remains fixed for some timt 
Should, however, the refrigeration be imperfect, the luminosity travdi 
slowly down the tube into the receiver. In any case, the delicacy of i 
test is extraordinary. I If the organic liquid is alkaline, or even neati 
there will certainly be some evolution of ammonia, which will distil c 
before the phosphorus, and retard (or, if in sufficient quantity, destn^] 
the luminosity. In such a case it is well, as a precaution, to add enoaglt 
sulphuric iicid to fix the ammonia, omitting such addition if the lii^uid 
to be ojwrated upon is acid. 

2. Tlie ProduKiioit of Phosphim (PHj). — Any method which p 
duces phoBphine (phosphuretted hydrogen), enabling that gas to be pasEcdj 
through nitrate of silver solution, may be used for the detection of pho* 
phorus. Thus Sonnenschein states that he has found phosphorus in ei 
traordinarily small amount, mixed with various substances, by heating 
with potash in a flask, and passing the phosphinc into silver nitrate, se 
arating the excess of silver, and recognising the phosphoric acid by t 
addition of molyhdate of ammonia.§ 

• Any considerable amount o( phosphorescence can, however, be observed il 
twiiigbt. 

f A variety of volatile substances destroys tha lumiuous appearance of pi 
phoruB vapour— s. g., chlorine, hydric sulphide, sulphur dioxide, carbon c" 
phide, ether, alcobol, petroleum, turpentine, creosote, and most essentia] oilfc 
Od the other hand, bromine, hydrochloric acid, camphor, and carbonate of ai 
tnonia do not seem to iuterfere much with the phosphoreacence. 

{FreBeniua states that he and Neubauer, with 1 mgrm. of phosphonuii 
200.000, recognised tlie light, which lasted tor half an hour.— Zfi(*'fti, /. -int 
Chcm., i., p. 338. 

g Sonnenschein, HaiulbmA dcr Otru-ktlicAtn Chemie, Berlin, 1869. 
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3, Testa Dependent on the Combustion of Phosphine (PH,). — A hy- 
drogen flame, tioiitaiEing only a minute trace of phosphorus, or of the 
lower products of its oxidation, acquires a beautiful green tint, and pos- 
sesses a characteristic spectrum. In order to obtain the latter in its best 
form, the amount of phosphine must not be too large, or the flame will 
become whitish and livid, and the bands lose their defined character, 
rendering the spectrum continuous. Again, the orifice of the tube, 
whence the gas escapes, must not be too small ; und the beat result is ob- 
tained when the fiame is cooled. 

M, Salet has proposed two excellent methods for the observation of 
phosphine by the spectroscope : — 

(1.) He projects the phosphorus-flame on a plane vertical surface, 
maintained constantly cold by means of a thin layer of running water ; 
the green colour is especially produced in the neighborhood of the cool 
surface. 

(2.) At the level of the base of the flame, there is an annular space, 
through which a stream of cold air is continually blown upwards. Thus 
cooled, the light is very pronounced, and the band, o, which is almost in- 
visible in the ordinary metliod of esamination, is plainly seen." 

An apparatus (devised byBlondlot, and improved by Freseniua), for 
the production of tlie phosphine flame in medico-legal research, is repre- 
sented in the following diagram : — 




Fig. 12 

• Consult ^MrtrMiumtnfiitr par M. LecoqdeBoisbaudran. Paris, 1974. See 
also Chrietofle and Beilstrom'a Abhan^ung in Freseniui' ZeUnchr. f. Anal. Chem., 
B. S, p. 405, and B, 8, p. 147. 
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Several of the details of thia apparatns may be modified at tlie con- 
venience of the operator. A la a vessel containing Bnlphnric acid ; B ii 
partly filled with granulated zinc, and hydrogen may be developed at 
pleasure ; c contains a solution of nitrate of silver ; tf is a tube at whioli 
the gas can be lit ; e, a flask containing the fluid to be tested, and pro- 
vided with a tube /, at which also the gas issuing can be ignited. The 
orifice should be provided with a platinum nozzle. When the hydrogen 
has diBplared the air, both tubes are lit, and the two fiames, being dds 
by side, can be compared. Should any phosphorus come over from thft' 
zinc (a possibility which the interposed silver nitrate ought to guard' 
against), it is detected ; the last fiaak is now gently warmed, and if the. 
flame is green, or indeed, in any case, it should be examined by the 
spectroscope.* 

The spectrum, when fully developed, shows one band in the orange 
and yellow between C and D, but very close to D, and several bands is 
the green. But the bands, tf )' a, and ^, are the most characteriEtio.. 
The band 5 has its centre about the wave-length 599-4 ; it is easily dii- 
tinguished when the slit of the spoctroscope is a little wide, but may b* 
invisible if the slit is too narrow. It is best seen by M. Salet'a second 
process, and, wlien cooled by a brisk current of air, it broadens, and may 
extend closer to D. The band j^ has a somewhat decided border toward 
E, while it is nebulous towards D, and it is, therefore, very difficult t0 
Bay where it begins or where it ends ; its centre may, however, be put rt 
very near 109 of Boisbeaubran's scale, corresponding to W. L, SCO'S, i£ 
the flame is free. This band is more distinct than 3, but with a stronj 
current of air the reverse is the case. The middle of the important 
band a is nearly marked by Fraunhofer's line E, Boisbeaudran givet' 
it as coinciding with 123 of his scale W. L. 52C'3. In ordinary condi- 
tions (that is, with a free uncooled flame) this is the brightest and moA 
marked of all the bands. The approximate middle of the band ^ is ff. L, 
510-0 (Boisbeaubran's scale 129-00), 

Lipowilz's Sulphur Test. — Sulphur has the peculiar property of con- 
densing phosphoruH on its surface, and of this Lipowitz proposed to take 
advantage. Pieces of sulphur are digested some time with the liquid 
under research, subsequently removed, and slightly dried. When ex- 
amined in the dark, should phosphorus be present, they gleam strongly 
if rubbed with the finger, and develop a phosphorus odour. The test il 
wanting in delicacy, nor can it well be made quantitative ; it has, hoV< 
ever, an advantage in certain cases — e.g., the detection of phosphon 
alcoholic liquid. 

• F, Selmi has proposed the Bimple dipping of a platinum loop into a liquii 
ooDtaining phosphoric acid, and then iuserting it into the tip of a hydrogen flanuk. 
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Scherer's test, as modified by Hager,* is a very delicate and almost 
decisive teet. The substances to be examined are placed in a flask with 
a little lead acetate {to prevent the possibility of any hydric sulphide 
being evohed), some ether added, and a strip of filter paper soaked in a 
solution of silver nitrate is then suspended in the fiask ; this is con- 
veniently done by making a slit in the bottom of the cork, and in the 
slit securing the paper. The closed flask is placed iu the dark, and if 
phosphorus is present, in a few minutes there is a black stain. It may 
be objected that arsine will cause a similar staining, but then arslne 
could hardly be developed under the circumstances given. It is scarcely 
necessary to observe that the paper must be wet. 

CJtemical Examination of the Urine. — It may be desirable, in any 
case of suspected phosphorus poisoning, to examine the renal secretion 
for leucin and tyrosin, &c. Leucin may be found as a deposit in the 
nrine. Its general appearance is that of little oval or round discs, look- 
ing like drops of fat. It can be recognised by taking up one or more of 
these little bodies and placing them in the author'a Bubliming cell {soe 
Index). By careful heating it will sublime wholly on to the upper 
cover. On now adding a little nitric acid to the sublimed leucin, and 
drying, and then to the dried residue adding a droplet of a solution of 
sodium hydrate, leucin forms an oily drop. Tyroain also may occur as a 
sediment of little heaps of fine needles. The best test for tyroain is to 
diaeolvo in hot water, and then add a drop of a solution of niercurio 
nitrate and mercurous nitrate, when a rose colour is at once developed, 
if the tyrosin is in very minute quantity, but if in more than traces, 
there is a distinct crimson precipitate. To separate leucin and tyrosin 
from the urine, the best process is as follows : — The urine is filtered 
from any deposit, evaporated to a thin syrup, and decanted from the 
second deposit that forms. The two deposits are mixed together and 
treated with dilute ammonia, which will dissolve out any tyrosin and 
leave it in needles, if the ammonia is spontaneously evaporated on a 
watch glass. The urine is then diluted and treated with neutral and 
basic acetates of load, filtered, and the lead thrown out of the filtrate by 
hydric sulphide. The filtrate is evaporated to a syrup, and it then 
deposits leucin mixed with some tyrosin. If, however, the syrup refuses 
to crystallise, it is treated with cold absolute alcohol, and filtered, 
the residue is then boiled up with spirit of wine, which extracts 
leucin, and deposits it on cooling in a crystalline form. To obtain oxy- 
mandelic acid, the mother liquor, from which leucin and tjTosin have 
been extracted, is precipitated with absolute alcohol, filtered, and then 
Ittte alcoholic solution evaporated to a syrup. This syrup is acidified by 
^blphuric acid, and extracted with ether ; the ether is filtered off and 
B *Pharm. CentraihaiU, SO, 858. 
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evaporated to dryness ; the dry rcBidue will be in the form of oily dropi 1 
aud crystals. The cryatiils are collected, dissolved in water, and th« I 
solution precipitated by lead acetate to remove coloring-muttera ; after I 
filtration it is finally precipitated by basic acetate. On decompo- 1 
Bition of the basic acetate, by suspending in water and saturating I 
with hydric Bulphido, the ultimate filtrate on evaporation deposits ^ 
colourless flexible needles of oxymandelic acid. The nitrogL-uLied 
acid which Schultzen and Riess obtained from urine in a case of 
phosphorus poisoning, was found in au alcohol aud ether extract — 
warta of rhombic scales separating out of the syrupy residae. The«. 
scales gave no precipitate with basic acetate, but formed n 
pound with silver nitrate. The silver compound was in the form of 
shining white needles, and contained 33'9 per cent, of silver ; the acid; 
was decomposed by heat, and with lime yielded aniline. Its meltiug 
point is given at from 184° to 185°. The occurrence of some volatiS 
substance in phosphorus urine, whicli blackens nitrate of silver, and 
which is probably phosphine, was first noticed by Selmi.* Peeci ani 
Strop])* have confirmed Selmi's researches. It is even given off in tha 
cold. 

The Quantitative Estimation of Phosphortta is best carried outtff; 
oxidising it into phosphoric acid, and estimating as ammoo. magnea 
phosphate. To effect this, the substances are distilled in an atmosphoi 
of COjinto s. fiask with water, to which a tube containing silver t 
trate is attached ; the latter retains all phosphine, the former solid pUo* 
phoma. If necessary, the distillate may be again distilled into AgSOiJ 
and in any case the contents of the \J tube and flask are mixed, oxidised 
with nitromuriatic acid, filtered from silver chloride, and the phospboriQ 
acid determined in the usual way. 

In the case of a child poisoned by lucifer matches, Sonnenschein a 
timated the free phosphorus in the following way : — The contents of thlt 
stomach were diluted with water, a measured port filtered, and the phoi 
phoric acid estimated. The other portion was then oxidised by HClan* 
potassic chlorate, and the phosphoric acid estimated — the difference b 
ing calculated as free phosphorus. 

Howlotiffcan Phosphorus be recognised after Dealht — One of tl 
most important matters for consideration is the time after death in whiofc 
free phosphorus, or free phosphoric acids, can be detected. Any phoft-j 
phorus changed into ammon, mag. phosphate, or into any other salt, j 
for medico-legal purposes entirely lost, since the expert can only t " 
cognisance of the substance either in a free state, as phosphine, or i 
free acid. 

The question again, may be asked in court — Does the decomposition 
•OiomaU Intemaz. deOa Seimxa Xed., 18T9, Nro. 6, p. 645. 
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■at animal sabBtancea rich in phoBphonis developed phoephine ? The an- 
swer to this is, that no such reaction bus boon observed. 

A case is related* in which phosphorus was recognised, although the 
bodj had beeu buried for several weeks, and then exhumed. 

The expert of pharmacy of the Provincial Government Board of 
Breslau has also made some experiments in this direction, which are 
■worthy of note : — Four guinea pigs were poisoned, each by 0'023 grni. of 
phosphorus ; they died iu a few hours, and were buried in sandv-loam 
soil, 0-5 metre deep. Exhumation of the first took place four weeks af- 
ter. The putrefying organs — lieart, liver, spleen, stomach, and all the 
intestines, tested by Mitscherlich'a method of distillation, showed char- 
acteristic phosphorescence for nearly an honr. 

The second animal was exhumed after eight weeks in a highly pu- 
trescent state. Its entrails, on distillation, showed the phosphorescent 
appearance for thirty-five minutes. 

»The third animal was taken from the earth after twelve weeks, but 
Tio free phosphorus could be detected, although there was evidence of 
^he lower form of oxidation {PO3) by Blondlot's method. 

The fourth animal was exhumed after fifteen weeks, but neither 
free phosphorus nor POj could be detected, f 

A man, as well as a cat, was poisoned by phosphorus. On analysis, 
twenty-nine days after death, negative results were alone obtained. 
{Sonnenschein). 

It will thus be evident that there is no constant rule, and that, even 
when decomposition is much advanced, an examination wmy be succesa- 
fnl. 

• Pharm. Zritaeh.f. Russl. : Jahrg. 2. p. 87. 

f VierlrljahrasehriftfiirOcrk/itli(heMedkin,}an.l,lS:&.—Eeea.\Bo Ze-ittfkr. 
f. A'til. Chemie, 1872. 
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1. GENERAL METHOD OF TESTING AND ESTKACTING ALKALOH* 

Ge^teral Tests for Alkaloids. — In order to ascertain whether an ul« 
kaloid ia preaent or not, a method of extraction must be pursued which, 
while disposing of fatty matters. Baits, &c., shall dissolve a& little as pen- 
sible of foreign subatanceB ; aach a method, e.g., sa the original pro«« 
of Staa, or one of its modern modifications. 

If to the acid aqueous solution finally obtained by this method s di- 
lute solution of soda be added, drop by drop until it is rendered feeb^ 
alkaline, and no precipitate appear, whatever other poisonous plant-ooii- 
stituents may be present, all ordinary alkaloids * are absent. 

In addition to this negative tost, there are also a number ol Bat- 
stances which give well-marked crystalline or amorphous precipitates with 
alkaloids. 

These may be called "group-reagents." The chief members of tbt 
group-reagents are — iodine disaolvod in hydriodic acid, iodine dissolved iil 
potasfiic iodide solution, bromine dissolved in potaeaic bromine aolnti(%i 
hydrargo-potaesic iodide, bismuth-potassic iodide, cadmic potasaic lodidej 
the chlorides of gold, of platinum, and mercury ; picric acid, gallic «aS« 
tannin, chromat« of potash, bichromate of potaah, phoaphomolybSl 
acid, phospho-tungstic acid, silico-tungstic acid, and Frohde's resgenl* 
It will bo useful to make a few general remarks on some of these fl 
agents. 

Iodine in Hydriodic Acid gives either crystalline or amorphons p» 
cipitates with nearly all alkaloids ; the compound with morphine, for e» 
umple, is in very defiuite needles ; with dilute solutions of atropine, tlw 

* In the case of morphine tartrate, this test will not answer. See tbc 
on morphine. 
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precipitate is in the form of minute dots, but the majority of the pre- 
cipitates are timorphons, and all are more or Icbb coloured. 

Iodine Dissolved in a Solution of Poiassic Iodide gives with alkaloids 
a reddish or red-brown precipitate, and this in perhaps a greater dilation 
than almost any reagent. When added to an aqueous Bolutiou, the pre- 
cipitates are amorphous, but if added to an alcoholic solution, certain 
alicaloida then form crystalline precipitates ; this, for example, is the 
case with berberine and narceine. By treating the precipitate with 
aqueous sulphurous acid, a sulphate of the alkaloid is formed and hy- 
driodic acid, so that by suitable operations the alkaloid may readily bo 
recovered from this compound. A solution of bromine in potasaic bro- 
mide solntion also gives similar precipitates to the above, but it forms in- 
hoinble compounds with phenol, orcin, and other substances. 
■ Mercuric Pofassic Iodide is prepared by decomposing mercuric 
Mlloride with potassic iodide in excess. The proportions are 13'546 
grms. of mercuric chloride and 40-8 of potassic iodide, and water suffi- 
cient to measure, when dissolved, one litre. The precipitates from this 
reagent are white and flocculent ; many of them become, on standing, 
^talline. 

Bismuthio Potassic Iodide in solution precipitates alkaloids, and the 
mpouuda formed are of great insolubility, but it also forms compounds 
^th the various albuminoid bodies. 

Chloride of Gold forms with the alkaloids compounds, many of 
Mch are crystalline, and most admit of utilisation for quantitative de- 
terminations. Chloride of gold does not precipitate amides or ammo- 
nium compounds, and on tliis account its value is great. The precipi- 
tates are yellow, and after a while are partly decomposed, when the 
colour is of a reddish-brown. ' 

Platinic Chloride also forms precipitates with most of the alkaloids, 
bnt since it also precipitates ammonia and potassic salts, it is inferior to 
gold chloride in utility. 

(1) Phosphoinohjbdic Acid as a Reagent for Alkaloids. — Prepara- 
tion : Molybdate of ammouia is precipitated by phosphate of soda ; and 
the well-washed yellow precipitate is suspended in water and warmed 
with carbonate of soda, until it is entirely dissolved. This solution is 
ovaporatetl to dryness, and the ammonia fully expelled by heating. If 
the molybdic acid is fairly reduced by this means, it is to be moistened 
by nitric acid, and the heating repeated. The now dry residue is warmed 
with water, nitric acid added to strong acid reaction, and the mixture 
diluted with water, so that 10 parts of the solution contain 1 of the dry 
aalt. The precipitates of the alkaloids are as follows : — 

Aniline, Bright-yellow, flocculent 

Horphine, ..... " " 
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Narcotine, . . . . ■ BrowniBh-yellow, flocculent, 

Quinine, Whitish -yellow, 

CitichoniDe, " " 

Codeine, ..... Browniah-y allow, voluminous, 

Strychmne 'White-yeUow, 

Brucine, Yelk yellow, flocculent, 

Teratrine Bright-yellow, " 

Jervine, " " 

Aconitine, " " 

Emetine, " " 

Theine, Bright-yellow, voluminous, 

Tbeobromlne, " " 

Solanine, Citron-yellow, pulverulent, 

Atropine, BriBht^yellow. flocculent, 

Hyoscyamine " " 

Colchicine, . . • . . Orange -yellow, " 

Belphinine, , . . ^ . Gray-yellow, voluminous, 

Berberine Dirty-yellow, flocculent, 

Coniine, Bright-yellow, voluminous, 

NicotiOe, " " 

Piperine, Brownish-yellow, flocculent 

(2.) SiUco-Tungalic Acid as a Reagent for Alknloids. — Sodium tung- 
8tat« is boiled with freshly precipitated gelatinous silica. To the aolatiuo 
is added mercuroue nitrate, which precipitates the yellow mercaroui 
silico-tungstate. This is filtered, well washed, and decomposed 1 
equivalent quantity of hydrochloric acid : silico-tungatic acid then go* 
into solution, and mercurous chloride (calomel) remains behiud. TlW 
clear filtrate is evaporated to drive oS the excess of hydrochloric acid, 
and furnishes, on apontaneous evaporation, large, shining, colonrlf* 
octahedra of silico-tungstic acid, which efl^oresce in the air, melt at 
36°, and are easily soluble in water or alcohol. 

This agent produces no insoluble precipitate with any metallic salt 
Ccesinm aud rubidium salts, even in dilute solutions are precipitated bf 
it : neutral solutions of ammonium chloride give with it a white- precipi- 
tate, soluble witli difficulty in litrge quantities of water. It precipitaW* 
solutions of the salts of quinine, cinelionine, morphine, atropine, fc-i 
if iu extremely dilute solution, an opalescence only is produced; fot 
instance, it has been observed that cinchonine hydrochlorate in ga 
qninia hydrochlorate in ^^, morphia hydrochlorate in ^^ dilutiouT^ 
gave a distinct opalescence. {Archiv der Pharm,, Nov., Dr. BicbaiA 
Godeffroy). 

(3.) •Schiebler's Method for Alkaloids : Phospho-Tungitic Acid. — 0^ 
dinury commercial sodium tungstate is digested with half its weight ot 
phosphoric aeid, specific gravity 1'1'J, and the whole allowed to stand 
for some days, when the acid separates in crystals. A solution of the«8 
crystals will give a distinct precipitate with the most minute quantittN 
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of alkaloids, ^^ of atrychiiine, and ^^ of quinine. The alkaloid is 
liberated by digestion with barium hydrate (or calcium hydrate) : and if 
volatile, may be distilled off ; if fixed, dissolved out by chloroform. In 
complex mizturea, colouring-matter may be removed by plumbic acetate, 
the lead thrown out by SH„ and concentrated, eo as to remove the eicess 
of SH,. 

L Frohde's Reagent. — This is a colour reagent, and is made by dissolving 
■port of Bodic molybdate in 10 parts of strong sulphuric acid. 
Y Stas's Process. — The original method of Stas* (nfterwards modified 
by Otto).t consisted in extraction of the organic matterM by strong alco- 
hol, with the addition of tartaric acid ; the filtered solution was then 
carefully neutralised with soda, and shakeu up with ether, the ethereal 
solution being separated by a pipette. Subsequent chemists proposed 
ithloroform instead of ether,t the additional use of amyl-alcoliol,g and 
the substitution of acetic, hydrochloric, and sulphuric for tartaric acid. 

I METHODS OF SEPARATION. 



Selmi's Process for Separating Alkaloids. — A method of separating 
alkaloids from an ethereal solution haa been recently projiosed by Selmi. Q 
The alcoholic extract of the viscera, acidified and filtered, is evaporated 
at 65° ; the residue taken uj) with water, filtered, and decolorised by basic 
acetate of lead. The lead is thrown out by sulphuretted hydrogen ; the 
solution, after concentration, repeatedly extracted with ether ; and the 
ethereal solution saturated with dry COi, which generally precipitates 
3ome of the alkaloids. The ethereal solution is then pourud into a clean 
vessel, and mixed with about half its volume of water, through which a 
current of CO, is passed for 30 minutes ; this may cause the precipita- 
tion of other alkaloids not thrown down by dry CO^ If the whole of 
the alkaloids are not obtained by these means, the solution is dehydrated 
liy agitation with barium oxide, and a solution of tartaric acid in ether 
is added (care being taken to avoid excess); this throws down any alka- 
loid still present. The detection of any yet remaining in the viscera 
is effected by mixing with barium hydrate and a little water, and agita- 
ting with purified am yUc alcohol ; from the alcohol the alkaloids may be 
subsequently extracted by agitation with very dilute sulphuric acid. 

*Annal. d. Chem. u. Pharm.. 84, 379, 
I ■t lb. 100. 44. Anteitung zut Autmittei. d. Oifte. 
t Eodgere and Oirwood. Pharm. Joum. and Tram., 16, 497 : ProlUn's Cliem. 
ralb.. 1867.231; Tlioni8«, ZHtgchr. fur Analyt. Cfttw., i-, 517, &c. 
g Erdmann and v. Ushlar, Ann. Chem. Pharm.. cxjc,, pp. 121-360. 
|F. Belmi, Qazefl. Cftm./(ai,,vj. 158-166, and Jot^rn. Chem. Soc., i., 1877,98. 
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Another ingenious method (also the suggeBtion of Selmi) ta to tre«k' 
the organic Bubstiiuce with alcohol, to which a little snlphiiric acid hfW 
been added, to filter, digest with alcohol and refilter. The filtrates xHt 
united, evaporated down to a smaller bulk, filtered, concentrated to 
Bj-rup, alkalieed by bariEm hydrate, and after the addition of freahly ig- 
nited barium oxide and some powdered glass, exhausted with dry etfaerj 
the ether filtered, the filtrate digested with lead hydrate ; the ethereal' 
solution filtered, evaporated to dryness, and finally again taken up witii 
ether, which, this time, should leave on evaporation the alkaloid almort 
pure. 

Dragendorff's Process. — To Dragendorfl! we owe an elaborate geneiw 
al method of separation, since it is applicable, not only to alkaloids, boi 
to glucosidea, and other active principles derived from 'plants. His prfr' 
cess ia essentially a combination of those already known, and its distinc- 
tive features are the shaking up — (1) of the acid fluid with the solvent 
thus removing col curing- matters and certain non-alkaloidal principlea; 
and (3) of the same fluid made alkaline. The following is his method 
in full. It may be advantageously used when the analyst has to searall 
generally for vegetable poison, although it is, of course, far too elaboraM 
for every case ; and where from any circumstance there ia good gronnd 
for suspecting the presence of one or two particular alkaloids or poison^ 
the procBSB may be much shortened and modified.* 

I. The substance, in as finely-divided form aa possible, ia digested fff 
a few hours in water acidified with sulphuric acid, at a temperature rf 
40° to 50°, and tiiis operation ia repeated two or three times, with filte> 
iug and pressing of the substances ; later, the extracts are united, Thii 
treatment {if the temperature mentioned is not exceeded) does not de- 
compose the majority of alkaloids or other active substances ; but thers 
are a few {e. ^., Bolanine and colchicine) which would be altered by it ; 
and if Buch are suspected, maceration at the common temperature B 
necessary, with substitution of acetic for sulphuric acid.* 

II. The extract is next evaporated until it begins to be of a syrupy 
conaistence ; the residue mixed with three to four times its volume o(*l' 
cohol, macerated for twenty-four hours, at about 34°, allowed to become 
quite cool, and filtered from the foreign matters which have sepwalw- 
The residue is washed with alcohol of 70 per cent. 

III. The filtrate is freed from alcohol by distillation, the watoiy i*ffl- 

^VrftgendorS'eGenchtlkhi-hfmitckAErmitteliiTigvoiiaiften. 8t Petersburg, 
3976. p. Ul. 

t When blood is to be examined it ia better to dry it, and then powder iO" 
extract with water acidified with dilute sulphuric acid. However, if the f 
called volatile alkaloids are suspected, this modiflcaiion ia to bo omitted. 
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dne poored into a capacious Soak, diluted (if necessary) with wnter, and 
filtered. Acid as it is, it is extracted at the common temperature, with 
f.'oqiient shaking, by freshly rectified petroleum ether ; and after the 
fluids have again separated, the petroleum ether is removed, carrying 
with it certain impuritioH (colouring matt«r, &c,), which are in this way 
advantageously displaced. By this operation ethereal oils, carbolic acid, 
picric acid, &c., which have not been distilled, beaidea piperin, may also 
be separated. The shaking up with petroleum ether ia repeated several 
times (as long as anything remains to be dissolved), and the products are 
«Taporated on several watch-glassea. 



RESIDUE OF PETROLEUM ETHER FROM THE ACID 
SOLUTION. 



It 18 CRTaTAL- 
IiISE. 



3. It is Amorphous. 



I, It la Volatile, 
with a powerful 
odour : elhermloil, 
carbolic acid. So. 



y 



A. Jt is yellowish, 
and with difficulty 
volatilised. 

a. The crystals are 
dissolved by concen- 
trated sulphuric acid, 
"with the production 
of a clear yellow col- 
on r, passing into 
hrown and greenish- 
brown. 

Fiperin. 



a, Ooncentrated 

sulphuric acid dis- 
solves it immediately 
— violet, and later 
greenish-blue, 

Conntilitents of the 
Hack heUebore. 



p. The solution in sulphuric 
acid remains yellow ; potassic cy- 
anide and caustic potash colour it, 
on warming blood-red. 

Picric acid. 
It is CoLOtJSLESS, Liquifies 

EASILY, AND SmELLS StBONOLY. 

Camphor and similar mailers. 



/3. It dissolves with a yellow col- 
our, changing into fallow-brown. 
Consliluenls of aconite plant and 
products of t/te <iecompo»ilion 
of Ai-onitine. 
B. It is WniTE, Sharp-Tasting, 
AND Reddens the Skin. 

Caps! fin. 



It mav be expected that the substances mentioned under the heads 
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1, 2, anil 3, will he, in gcnnral, fully obtained by degrees, This is not ths 
case, however, aa regarda piperin and pitiric aoid. 

rV', The watery fluid is now similarly shaken up with benzene, and 
the benzene removed and evaporated. Shonld the evaporated residae show 
signs of an alkaloid {and es|)ecially of theiue), the watery finid is treated 
sevenU times with a fresh mixture of benzene, till a little of the laat-oblaiued 
benzene-extraction leaves on evaporation no residue. The benzeue ei- 
tracts are now united, and washed by shaking with distilled water; 
again separated and filtered, the greater part of the benzene distiW 
from the filtrate, and the remainder of the fluid divided and evaporsUd 
on several watch-glasses. 

The evaporated residue may contain theine, colchicine, cnbebin, 
digitalin, canthnridin, colocynthin, elaterin, carvophylHne, absinthin, M»- 
earillin. populiu, santonin, &., and traces of veratrine, delphiniiie, phj»- 
ostigmine, and berherine. 

A remnant of piperin and picric acid may remain from the prerioiu 
treatment with petroleum ether. 

THE BENZENE RESIDUE FROM THE AOID SOLUTION. 



1. It 18 CaYSTALLIKK 

a. w el informed, coloubless 
Cbystalr. 
eu Sulphuric acid dissolves the 
hair-like cr}'stals without change 
ot colour ; evaporation with ehlor- 
iiie wat«r, and subsequent treat- 
ment with ammonia, gives a mu- 
rexide reaction, Theine. 

^, Sulphuric acid leaves the 
rhombic crystals uncolonred. The 
substance, taken up by oil, and 
applied to the skin, produces a 
bhster. CantJinrdin. 

T(. Sulphuric aeid leaves the scaly 
crystals at first uncolourod, then 
slowly develops a reddening. It does 
not blister, "Warm alcoholic potash- 
lye colours it a transitory red. 

Santonin. 



2. It is Auobphous. 
A. Colourless or Faxe Yelm* 
Residue, 

a. Sulphuric acid dissolvee it it 
first yellow ; the solution becoming 
later red. Il'rohde's reagent do* 
not colour it violet .fitotor* 



fi. Sulphuric acid diflsolveereil; 
Friihde's reagent violet-red ;• tm- 
nic acid does not precipitate, 

PopuUn. 

■{. Sulphuric acid dissolves it 
extremely red ; Frohde's reagent* 
a beautiful cherry-red ; tannic acid 
precipitates a yellowish-white. 

CotocifTithi*- 



■Fi^Mh'b reagent Is described at page 211. 
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d. Sulphuric acid colours the 
crystals almost blacky whilst it 
takes itself a beautiful red colour. 

Cubebin. 



6, Sulphuric acid colours it gra- 
dually a beautiful red, whilst tan- 
nin does not precipitate 

Constituents of the Pimento, 



B. Crystals Pale 
Yellow. 
€L Piperin. 



fi. Picric Acid. 



Y* Caustic potash dissolves it 
purple. Aloetin. 

0. Mostly Undefined Colour- 
less Crystals. 



TO Clear B. Pure Yellow Eesidue. 

a. Sulphuric acid dissolves it 
yellow ; on the addition of nitric 
acid, this solution is green, quickly 
changing to blue and violet. 

Colchicine. 

/?. Sulphuric acid dissolves with 
separation of a violet powder; caus- 
tic potash colours it red ; sulphide 
of ammonia violet, and, by heat- 
ing indigo-blue. 

Chrysammic acid. 



a. Sulphuric acid dissolves it 
green brown ; bromine colours this 
solution red ; dilution with water 
again green. The substance ren- 
ders the heart-action of a frog 
slower. Digitalin. 

p. Sulphuric acid dissolves it 
orange, then brown, lastly red- 
violet. Nitric acid dissolves it 
yellow, and water separates as a 
jelly out of the latter solution. 



C. A Greenish Bitter Resi- 
due, which dissolves brown in 
concentrated sulphuric acid ; in- 
Frohde^s reagent, likewise, at fir-l' 
brown, then at the edge grecuy 
changing into blue- violet, and last- 
ly violet. 

Constituents of wormwood, with 
absynthin, besides quassiin, 
menynnthin, ericolin, daph- 
niny cnicin, and others. 



216 



poisoys: theib bffects and deteotiok. 



Salphnric acid and bromine do not 
colour it red. OrcUiolin. 

f . Sulphuric acid dissolyes it red- 
brown. Bromine produces in this 
solution red-violet stripes. It does 
not act on frogs. Cascarillin. 

D. Generally Undefined Yellow Crystallisation.— Sul- 
phuric acid dissolves it olive green. The alcoholic solution gives with 
potassic iodide a colourless and green crystalline precipitate. Berherin. 

V. As a complete exhaustion of the watery solution is not yet at- 
tained by the benzene agency^ another solvent is tried. 

THE WATERY SOLUTION IS NOW EXTRACTED IN THE SAME WAY 

BY CHLOROFORM. 

In chloroform the! following substances are especially taken up :— 
Theobromine, narceine, papaverine, cinchonine, jervine, besides picro- 
toxin, syringin, digitalin, helleborin, convallamarin, saponin, senegiu, 
smilacin. Lastly, portions of the bodies named in Process IV., which 
benzene failed to extract entirely, enter into solution, as well as traces of 
brucine, narcotine, physostigmine, veratrine, delphinine. The evapora- 
tion of the chloroform is conducted at the ordinary temperature in four 
or five watch-glasses. 

THE CHLOROFORM RESIDUE FROM THE ACID SOLUTION. 

1. The Residue is more or less 1. The Residue is Amorphois. 
markedly crystalline. 



A. It gives in the sulphuric acid 
solution evidence of an alkaloid hy 
its action towards iodine and iodide 
of potash. 



rr. Sulphuric acid dissolves it 
without the production of colour, 
and chlorine and ammonia give no 
murexide reaction. Cinchonine. 



(L Sulphuric acid dissolves it 
without colour, chlorine and am- 



A. In acetic acid solution it ren- 
ders the action of the frog's hcffrt 
slower, or produces local aiKBsfhcsin. 

aa. It does not produce local an- 
aesthesia. 

a. Sulphuric acid dissolves it red- 
brown, bromine produces a beauti- 
ful purple colour, water changes it 
into green, hydrochloric acid dis- 
solves it into greenish-brown. 

Digitalin. 

/3. Sulphuric acid dissolves it 
yellow, then brown-red ; on addi- 
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^^Te, as with thcine, a mur- 


tion of water this solation becomes ^^^| 


) reaction. Theobromine. 


violet. Hydrochloric acid, on - ^^^| 




warming, dissolves it red. ^^^| 


i 


Convallamarin. ^^^H 


1 


bb. It produces local ana^Btbe- ^^^| 


^^^^_ 


a. Sulphuric acid dissolves it ^^^H 


^^^^^^^Bk 


brown. The solution becomes, bj ^^^H 


^^^B 


extracting with water, violet, and ^^^H 




can even be diluted with two vol- ^^^| 


^^^^^^^^1 


umes of water without losing its ^^^^| 


^^^^^^^^v 


colour. Saponin. ^^^M 


^^^^^^^^1 


/S. Sidphuric acid disaulves it ^^^ 


^^^^^^^^1 


yellow. On diluting with water 1 


^^^^^H^K 


the same reaction occurs as in the J 


^^^^^ 


previous case, but more feebly. ^^^9 




Senegin. ^^^H 


Bnlphuric acid does not colour 
t cold ; on wurming, the aolu- 


i(. Snlphuric acid dissolves ^^^| 


brown, and the solution becomes ^^H 


Becomee a blue violet. 


red by the addition of a little water. ^^H 


Papaverine. 


The action is very weak. ^^H 


I 


Smilacin. ^^H 


I. 


ce. Sulphuric acid dissolves it ^ 


k 


with the production of a dirty red, 1 


fc. 


hydrochloric acid, in the cold, B 


^K 


with that of a reddish-brown col- ^^H 


^K 


our, and tlie last solntiun becomes ^^H 


^F 


browu ou boiling. ^^^H 




Cansiidients of (he hellebore, 1 




pariicularly Jervin, i 


Snlphnric acid disBolves it in 


. 


xAd with the production of a 




colour. 




Unknown impurities, many 




commercial saviphs of Pa- 




paverine. 




jBlphuric acid dissolvea it at 




IpBy-brown ; the solution be- 




i in aboot twenty-four hours 




Wed. Iodine water colours it 




NaTceine. 




It 0ITB8 NO Alkaloid Re- 


b. It is inactive, and becomes J 


S»- 


blite by sulphuric acid: hyFrohde's 1 
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reagent • dark cherry-red. ^ 

drochloric acid dissohes it ted. 

The solution becomes, by boiling 

colourloea. Syringin, 

a. Snlphnric acid disaolvea it 

with a beautiful yellow colour; 

mixed with nitre, then moistened 

with sulphuric acid, and lastly 

treated with concentrated sodn-lye, 

it is coloured a brick-red, 

PicToloxia. 

p. Sulphuric acid dissolves it 

with the production of a splendid 

red colour. The eubstauce renders 

the heart-action of a frog slower, 

Helleborin. 

VI. THE WATERY FLUID IS NOW AGAIN SHAKEN 1 
WITH PETBOLEUM ETHEE, 

in order to tjike np the rest of the chloroform, and the watery flnidii 
saturated with ammonia. The watery solution of aconitine and i 
is liable to undergo, through free ammonia, a partial decomposition : blt^ 
on the other hand, it is quite possible to obtain, with very small miitnni 
of these substances, sutisfacCory reactions, even out of ammoniacol win- 
tions, 

Vn. THE AMMONIACAL WATERY FLUID WITH PETBO- 
LEUM ETHER. 

In the .earlier stages Dragendorfl advises the shaking up with petro- 
leum ether at about 40°, and the removal of the ether as quickly a^ ]>* 
Bible whilst warm. This is with the intention of separating by tlui 
fluid strychnine, brucine, emetin, quinine, veratrine, &c. Finding, hw- 
ever, that a full extraction by petroleum ether is either difl^cult or no' 
practicable, he prefers, as we have soon, to conclndo the operation bf 
other agents, coming back again upon the ether for certain special 
Such are the volatile alkaloids ; and here he recommends treatment of 
the fluid by cold petroleum ether, taking care not to hasten the remonl 
of the latter. Strychnine and other fixed alkaloids are then only tjikfll 
up in small quantities, and the greater portion remains for the laW 
treatment of the watery fluid by benzene. 

* Described at page 211. 
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A portion of the petroleum ether, supposed to contain in solution 
volatile alkaloids, is evaporated in two watch-glasses ; to the one, strong 
hydrochloric acid is added, the other being evaporated without this 
agent. On the evaporation of the petroleum ether, it is seen whether 
the first portion is crystalline or amorphous, or whether the second leaves, 
behind a strongly-smelling fluid mass, which denotes a volatile alkaloid. 
If the residue in both glasses is without odour and fixed, the absence of 
volatile acid and the presence of fixed alkaloids, strychnine, emetin,, 
veratrine, &c., are indicated. 



THE PETBOLETJM ETHER RESIDUE FROM AMMONIACAL 

SOLUTION. 



1. It is fixed akd 
Crystalline. 
A. The crystals are 
volatilised with diffi- 
culty. 



aa. Sulphuric acid 
dissolves it without 
colour. 

a, Potassic chro- 
mate colours this so- 
lution a transitory 
blue, then red. 

Strychnine. 



2. It is fixed and 
Amobphous. 



/3. Potassic chro- 
mate does not colour 
it blue; with chlo- 
rine water and am- 
monia it gives a 
green colour. 

Quinine. 



a. The purest sul- 
phuric acid dissolves 
it almost without col- 
our ; sulphuric con- 
taining nitric acid, 
red quickly becoming 
orange. 

Brudne, 

fi. Sulphuric acid 

dissolves it yellow, 

becoming deep red. 

Veratrine. 



^. Sulphuric acid 
dissolves it brown- 
green ; Frohde^s re- 



3. It is fixed axd 
Odorous. 

A. On adding ia 
the watch-glass a lit- 
tle hydrochloric acidy 
crystals are left he- 
hind. 

aa. Its solution is 
not precipitated by 
platin chloride. 

a. The crystals of 
the hydrochloric 
compound act on 
polarised light ; and 
are mostly needle- 
shaped and colum- 
nar. 

Coniine and Me^ 
thyl-coniine. 

/3. The crystals 
are cubical or tetra- 
hedral. 

Alkaloidfrom Cap- 
sicum^ 
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agent red, changing 
into green. 

JEmetin, 



b. Sulphuric acid 
dissolves it yellow, 
and the solution be- 
comes gradually a 
heautiful deep red. 

Sabadilline. 

c. The crystals 
^*e easily volatilised. 

Coniine. 



bb. The solution 
of the hydrochlorate 
of the alkaloid is pre- 
cipitated by plat in 
chloride. 

Sarreunnin, 

b. The residue of 
the hydrochlorate of 
the alkaloid is amor- 
phous, or by further 
additions of HGl, be- 
comes crystalline. 



aa. Its dilated 
aqueous solution is 
precipitated by platin 
chloride. 

a. The hydrochlo- 
rate salt, being quickly 
treated with Frohde's 
reagent, gives after 
about two minutes a 
deep violet solution 
which gradually 
fades. 

Lobeliin. 

/3. The hydrochlo- 
rate smells like nico- 
tine, and becomes by 
PrShde's reagent yel- 
low, and after twen- 
ty-four hours pale 
red. Nicotine. 

The hydrochlorate 
is without odour, the 
free base smells fiuut- 
ly like aniline. 

Sparteine 
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hh. The substance- 
is not precipitated 
from a diluted solu- 
tion by platin chlo- 
ride. 

a. Its petroleum 
ether solution pro- 
duces no turbidity 
with a solution of 
picric acid in petro- 
leum ether ; but it 
leaves behind^ when 
mixed with the above, 
crystals mostly of 
three-sided plates. 
Trimethylamine. 

fi. The petroleum 
ether solution gives, 
on evaporation, when 
treated similarly, 
moss-like crystals. 
The substance i s 
• made blue by chlo- 
ride of lime, as well 
as by diluted sulphur- 
ic acid and bichro- 
mate of potash. 

Aniline, 

Y. The alkaloid 
does not smell like 
methylamine, and is 
not coloured by chlo- 
ride of lime, sulphuric 
acid, or chromate of 
potash. 

Volatile alkaloid of 
the Pimento, 

II. THE AMMONIACAL SOLUTION IS SHAKEN UP WITH 

BENZENE. 

In most cases petroleum ether, benzene, and chloroform, are more 
ily separated from acid watery fluids than from ammoniacal, benzene 
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■and chloroferm causing here a difficulty which has perhaps deterred mai^' 
from using this method. Dragendorff, howeyer, maintains that he h» 
□ever examined a fluid in which he could not obtain a complete eepait- 
tion of the benzene and water. If the upper benzene layer is fully gelt 
tinous and emulsive, the under layer of water ig to be removed with > 
pipette as far as possible, and the benzene with a few drops of absolata 
alcohol and filtration. As a rule, the water goes through first alone, and 
by the time the greater part haa run through, the jelly in the filter, \!J 
dint of stirring, has become separated from the benzene, and, finally, 
the jelly shrinks up to a minimum, and the clear benzene filters oL 
Dragendorff filters mostly into a burette, from which ultimately the ben- 
zene and the water are separated. 

The principal alkaloids which are dissolved in benzene are — Btrjot 
nine, methyl and ethyl strychnine, bnicine, emetin, quinine, einchonim 
atropine, hyoscyamine, physostogmine, aconitine, nepalin, the alkftloid 
of the Aconilum lycoclonum, aconellin, napellin, delphinine, veratrin* 
'Sabatrin, sabadilline, codeine, thebaine, and narcotiue. 

THE BENZENE RESIDUE DERIVED FKOM THE AMMONIACAI. 

SOLUTION. 



1. It 13 FOR THE MOST PAET CrTS- 
TALLINE. 

a. Sulphuric acid dissolves it 
without colour, the solution being 
■coloured neither on standing nor 
■on the addition of nitric acid. 

aa. It dilates the pupil of a cat. 

a. Platin chloride does not pre- 
■cipitate the aqueous solution. The 
sulphuric acid solution gives, on 
wanning, a pecuhur smell. 

Atropine. 

/9, Platin chloride applied to the 
solution precipitates. 

Rynscyamine. 

bb. It does not dilate the pupil, 

a. The sulphuric acid solution 
becomes blue by chromate of pot- 

aa. The substance applied to a 
frog produces tetanus. 

Strychnine. 



2. It 13 FOR THE MOST PABT AkOI> 

pHora. 
a. Pure sulphuric acid dissolTM 
it either whitisli-red or yellowiitu 



a. The solution becomes by ni- 
tric acid immediately red, then 
quickly orange. Brvdiu. 



/?. The solution becomes by lit- 
tle and little brownish-red, Tbs 
substance iscoloui-ed red by chloride 
of lime solution, and it contncti 
the pupil. Physontogmi^ 
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/9y9. It lowers the nnmber of res- 
pirations in a frog. 

Ethyl and Methyl Strychnine. 

(i. Sulphuric acid and bichromate 
of potash do not coloar it blue. 

aa. The sulphuric acid watery sol- 
ution is floiirescent, and becomes 
greeu on the addition of chlorine 
water and ammonia. 

Quinine and Cinchonine. 

(The last is more difficult to dis- 
solve iu petroleum ether than quin- 
ine.) 

/3/3. The solution ia not floures- 
cent. Cinchomne. 

b. Sulphuric acid diBsolTes it at 
first colourless ; the solution takes 
on standing a rose or violet-blue ; 
on addition of nitric acid, a blood- 
red or brown coloration. 

n. A solution in diluted sulphuric 
acid becomes, on heating, gradually 
deep blood-red, and, when cooled, 
violet, with nitric acid. The aque- 
ous solution is precipitated by am- 
monia- Narcotine. 



b. Pure sulphuric acid dissolves 
it yellow, and the solution becomes 
later beautiful red with dclphinine, 
more quickly a darker cherry-red). 

a. The hydrochloric acid solution 
becomes red on heating. 



fi. The solution in diluted sul- 
phuric acid becomes, on heating, a 
heautiful blue. Excess of ammonia 
does not precipitate in a diluted 
watery solution. Codeine. 

c. Sulphuric acid disaohes it with 
the production of a yellow colour. 

a. The solution remains yellow on 
standing. Acotyctiu. 



aa. The substance acts on a frog, 
causing, in large doses, tetanus. 

Veratrine. 

It is almost without action on 
frogs. Sabatrin. 

p. The hydrochloric acid solu- 
tion does not, on heating, become 
red. Delphinine. 



c. Pure sulphuric acid dissolves 
it yellow, and the solution becomes 
later red-brown, and gradually vio- 
let-red. 

€t. The substance even in small 
doses paralyses frogs, and dilates 
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y9. It becomes beautifully red. 

SabadilUne. 



d. Sulphuric acid dissolves it with 
an immediiite deep red-brown col- 
our. Thehaine. 



e. Sulphuricacid dissolvesit im- 
mediately blue. 

Subulances accompanying the 
Papaverins, 



the pupU of ft cat's eye. Ether dia- 
Bolves it with difficulty. ytpalin. 

fi. It is easily soluble in ether, 
its effects are not so marked, and it 
does not dilate the pupil. 

Aconitiat. 

Its effects are still feeble ; it do« 
not dilate the pupil, and is with 
diilieuky dissolved by ether. 

NapfUiii. 

d. Sulphuric acid dissolves it 
with a dark green colour, and tbe 
solution becomes, evea itfter a feif 
sccondB, a beautiful blood-red. 

Alkalfiidal substatices <tut oftht 
Aeonitum lycoctonuta. 

e. Sulphuric acid dissohes it 
brown-green, and Frohdes reagent 
red, becoming beautifully green. 

Emetin. 



IX. SKAKING OF THE AMMONTACAL WATEEY SOLTTTION 
AVITII CHLOROFOKM. 

Tliis extracts the remainder of the ctTichonine and papaverine, ii*f- 
ceine, and a small portion of moqihine, as well as an alkaloid froin tlie 
ceUndine. 

The Residue pbom the Chloroform. 



aa. The solution, on warming, is only slightly colonred. 

a. But after it is again cooled, it strikes with nitric acid a vioW- 
blne ; chloride of iron mixed with the substance gives a blue colotir; 
FrOhde's reagent also dissolves it violet. Morfhbu- 

p. It is not coloured by nitric acid ; it is also indifferent to chlorito 

of iron. Cine^nitti 

hh. The solution becomes by warming violet-blue. PapaverifU' 

b. Sulphuric acid dissolves it greeniah-brown, and the solution be- 
comes, on standing, blood-red. XnrefiKt 

e. Sulphuric acid dissolves it a violet -blue. 

Alkaloidal constituent of the CelandiM- 
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SHAKIXG UP OF THE WATERY FLUID WITH AMYI. 
ALCOHOL. 

From this proceee, besides morphine and solouiue, as well as salicin, 
I remnants of the convttllamarin, sajtonine, senegia, and narceine, ore 

3 to be expected, 

TjiE Amyl Alcohol Residue. 

a. Sulphuric acid dissolves it without colour in the cold. 
Morphine (see iibove). 

b. Snlphnvic add dissolves it with the production of a clear yellow. 
I, and thi! solution becomes brownish. Iodine water colours it a deep 
iwn. The lilcoholic solution gelatinises, Selamne. 

c. Snlpharic acid dissolves it green-brown, becoming red. 
Xarceine (see above. ) 

d. Sulphuric acid dissolves it jellow, then brown-red, becoming 
let on dilntion with water. Hydrochloric acid dissolves it, and it bc- 
aee red on warming. It stops the heart-actiou in the systole. 

Convallaraaj-in. 
fi. Hydrochloric acid dissolves it for the most part without colour. 

Saponin 
Y- As the foregoing, but acting more feebly. i^feneffiti. 

e. Sulphuric acid dissolves it immediately a pure red. On warming 
with sulphuric acid and bichromate of potash, a amell of salicylic acid is 
developed. Saliciu. 

XI. DRYING THE WATERY FLUID WITH THE ADDITION 
OF POWDERED GLASS, AND EXTRACTION OF THE 
FINELY-DIVIDED RESIDUE BY CHLOROFORM. 

The residue of the first chloroform extract lessens the number of 
respirations of a frog ; the residue of the second and third chloroform ex- 
tract becomes, by sulphuric acid and bichromate of potash, blue, passing 
into a permanent red. 

Another portion of this residue becomes red on warming with diluted 
sulphuric acid. Curarine. 

SHOBTEB PrOCEBS fob SEPARiTlNG SOME OF THE ALKALOIDS. 

A shorter process, recommended conditionally by Dragendorff, for 
brueinc. strychnine, quinine, cinchonine, and emetin. is as follows : — 

Tlie .lubstanoe. if neceBsary_, is finely divided, and treated with sul- 
phuric acid (dilute) until it has a marked acid reaction. To every 100 co. 
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of the pulp (which has been diluted with distilled water to admit'1 
being filtered later), at least 5 to 10 cc. of diluted sulphuric acid (1 
are added. It is digested at 60° for a few hours, filtered, and the ran 
treated again with 100 cc. of water at 50°. This estract is, aliet Hj 
hours, again filtered ; both the filtrates are railed and evaporated ki 
water-bath to almost the consistency of a thin syrup. The fluid^ 

, must not be concentrated too much, or fully evaporated to 
The residue ia now placed in a flask, and treated with three to fontj 
its volume of alcohol of 90 to 95 per cent. ; the mixture is macei 
twenty-four hours, and then filtered. The filtrate is distilled 
free, or nearly so, but a small amount of alcohol remaining is not 
tionable. The watery fluid is diluted to about 50 cc, and treat 
pure benzene ; the mixture is shaken, and after a little time the 
removed — an operation which ia repeated. After the removal the 
time of the benzene, tho watery fluid is made alkaline with amiHJ| 
warmed to 40° to 50°, and the free alkaloid extracted by twice sha^^ 
up with two different applicationa of benzene. On evaponition fl 
latter, if the alkaloid ia not left pure, it can be dissolved in acid, pi 
tated by ammonia, and again extracted by benzene. See also the { 
recommended at page 210. 

•Scheibler's Process. — A method very different from thoB 
described is one practised by Scheibler. This ia to precipitate tha 
photungstate of the alkaloid, and then to liberate the latter by dig 
the precipitate with either hydrate of barium or hydrate of calcii 
solving it out by chloroform, or, if volatile, by simple distillation, 
convenience of Scheibler's process is great, and it admits of tfSt 
eral application. In complex mixtures, it will usually be found " 
precede the addition of phoaphotungstic acid* by that of acetate « 
>ve colouring matter, &c, ; the eicesa of lead murt 
turn be thrown out by SH, and the excess of SH, be got rid of byi 
ation. Phoaphotungstic acid ia a very delicate test for the alkaloids, 
fl distinct precipitate with the moat minute quantities {^^ of stry( 
and jjjjj of quinine). A very similar method is practised by Sonneni 
and others with the aid of phosphomolybdic acid. The details of 8 
ler's process are as follows : — 

The organic mixture ia repeatedly extracted by water strongly 
fied with sulphuric acid; the extract is evaporated at 30° to the 
tence of a thin syrup, then diluted with water, and, after aeveml I 
standing, filtered in a cool place. To the filtered flnid phosphotiu| 

•The method of preparing this reagent is as follows ; — Ordinary (.<omiD^ 
Q tungBtate is treated withhalf its weight of iihosphoric aciii. apeciflctf 
ty 113, and then allowed to staod for some daja. Phoaphotuogetic ocidM 
ates in crjHtals. 




s. 



:e. 



I red. 



^U't 



Ferric Chloride. 



In watery eolation Is 
precipitated yellow. 

Th not precipitated. 



J» not precipitated. 
Is not precipitated. 



I8 not precipltateil. 



('4»lourle«H. 
Blue. 



In hydrochloric acid so- 
lution is precipitated. 

Im not precipitated. 



Br()^%'n i)rocipltate. 



Is not pro<;ipitated. 



Cilivcs u i)rcclpltato In 
HCl Holutlon. 



Other ReaotionB. 



The precipitate with phoephomolybdic add soon becomes blue. 

Dilates the pupil. 

Berberine dissolved In a little HCI and a few drops of chlorine water 
becomes red. 

Boillnir perchloric acid colours in Madeira red . In diluted sulphuric 
add (1:8) a little potasdc chromate colours it a beautiful red. 

Chelldonine is not poisonouft— the hydrochlorate forms fine crystals, 
soluble in 8sS4 parts of water, and predpltated by concentrated HCL 

Does not become green with the chlorine anunonla test. 

Does not become green with the chlorine ammonia test. 

• 

The precipitate with chloride of gold is quickly decomposed with 
producnoD of a red colour. The solution in sulphuric acid, to which 
nitric add has been added after disappearance of a blue colour, is 
reddened by potash. 

Gives a crystalline residue with HCI. 



The sulphurioadd solution becomes violet with bromine. 



Concentrated hvdroohlorio add colours the dolntion in FrShde*8 
reagent deep Dlue. 

Dilatm the pupil. 



< >n warming with sulphuric acrid and a little ferric chloride, it becomes 
blue. 

Rpdun*»« l<xlate, Hllver nitrate - roddeuH fcmwyanlde, Ac. 



A beau^lfnl red colour on evaporating the solution in dilute Hulphuric 

Evaporated with dilute HCI giveti on amorphous residue. 

On warming ^ith sulphuric airid becomes blue. 

Is coloured re<l by caldc chloride solution; mercuric iodide predpltate 



soluble In alco 



yea 
hoi. 



Bolut ion in (;hIorine water l>ecome8 green on the addition of ammonia. 



The blue colour is more vivid with sulphuric add and cerium oxide. 
(Chloride of gold and taxln Is easily soluble. 



Dissolved in chlorine water on evaporation gives a red brown resi- 
due, coloured, red by ammonia. 



\ 
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acid is added in excess, the precipitate filtered, washed with water to 
which some phosphotungBtic acid and HNj have been added, and, whilst 
still moiat, rinsed into a flask. Caustic baryta or carbonate of potash is 
added to alkaline reaction, and after the flask has been connected with 
bulbs containing HCI, it is heated at first slowly, then more strongly. Am- 
monia and any volatile alkaloids are driven over into the acid, and are 
there fixed, and can be examined later by suitable methods. The residue 
in the flask is carefully evaporated to dryness {the excess of baryta having 
been precipitated by 00,), and then extracted by strong alcohol. On 
evaporation of the alcohol, the alkaloid is generally sufficiently pure to be 
examined, or, if not so, it may be obtained pure by re solution, &o. 

I have had considerable experience of Seheibler's process, and have 
naed it in precipitating various animal fiuids, but have generally found 
the precipitate bulky and difiicult to manage. 

Identificaiion of the A Ikaloidg. — Having obtained, in one way or other, 
a crystalline or amorphous substance, supposed to be an alkaloid, or, at 
all events, an active vegetable principle, the next step is to identify it. 
If the tests given in Dragendorff'a process have been applied, the observer 
will have already gone a good way towards the identification of the sub- 
stance ; but it is, of course, dangerous to trust to one reaction. 

In medico-legal researches there is seldom any considerable quantity 
of the material to work upon. Hence the greatest care must be taken 
from the commencement not to waste the substance in useless tests, but 
to study well at the outset what — by the method of extraction used, the 
microscopic appearance, the reaction to litmus paper, and the soUibility 
in different menstrua — it is likely to be. However minute the quantity 
may be, it is essential to divide it into different parts, in order to apply a 
variety of tests ; but aa any attempt to do this on the solid substance will 
probably entail loss, the best way is to dissolve it in a watch-glass in half 
a cc. of alcohol, ether, or other suitable solvent. Droplets of this solu- 
tion are then placed on watch-glasses or slips of microscopic glass, and to 
these drops, by the aid of a glass rod, different reagents can be applied, 
and the changes watched under the microscope as the drops slowly evap- 
orate. 

Colour Reactions. — Alkaloids, when fairly pure, have certain colour 
reactions more or less characteristic, when the solid substance is mixed 
with the mineral acids, Frohde's reagent, sulphuric acid, and potaasic bi- 
chromate. The following table gives a summary of the more important 
results of these tests. Colour reactions generally are untrustworthy, but 
must be looked upon as useful guides only, to be confirmed by the other 
characteristics of the substance : — 

SuilimatioH of the Alkaloids. — A very beautiful and elegant aid to 
the identification of alkaloids, and vegetable principles generally, is their 
I "behaviour towards heat. 
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Alkaloids, glacosidea, the orgauic acids, &c., when carefully heatet 
either— (1) siibUme wholly without decomposition (like theine, cytisia, 
and others) ; or (S) partially sablinn! with docom position ; or (3) t 
changed into uew bodies (as, for example, gallic attcl) ; or (4) melt a 
thou char ; or (5) simply char and bum away. 

Many of these phenomena are striking and characteristic, taking 
place at definite temperatures, subliming in characteristic forms or lenf 
ing chHi-acteristic residues. 

One of the first to employ auhlimiition systematically, as a means et 
recognitiou of the alkaloids, &c., was Kelwig.* His method was ta 
]ilace a small quantity (from }4 to _U of a milligram) in a depress 
platinnm foil, cover it with a slip of glass, and then caiL^fuliy heat bf 
a small flame. After Helwig, Dr. Guy f greatly improved the proocaa Iq 
using porcelain discs, and more especially by the adoption of a eonvenia ' 
apparatus, which may be termed "the snblimingcell," It is esseniiaDif; 
comjwsed of a ring of glass from ^ to J^ of an inch in thickness, auchift 
may be obtained by sections of tubing, the cut surfaces being ground po^ 
fectly smooth. This circle is converted into a closed cell by resting it (SB 
one of the ordinary thin discs of glass used as a covering for micro 
purposes, and supporting a similar disc. The cell was placed on a bru 
plate, provided with a nipple, which carried a thermometer, and n 
heated by a small flame applied mid-way between the thermometer ani 
the cell ; the heat was raiaed very gradually, and the temperature at 
which any change took place was noted. In this way Dr. Guy made dfr 
hirminations of the subliming points of a large number of substances, soft 
the microscopic appearances of the sublimates were deseribed with tl 
greatest fldelity and accuracy. On repeating with care Dr. Guy's det» 
rainations, however, I could in no single instance agree with hia snbliB" 
ii>g points, nor with the apparatus he figures and describes could tw 
conaecutivo observations exactly coincide. Further, on examining tl 
TariouB anbliming temperatures of substances, as stated by difleretf 
authors, the widest discrepancies were found — differences of two o 
three degrees might be referred to errors of observation, a want of ( 
coincidence in the thermnmetera employed, and the like ; but to * 
for example, can we ascribe the irreconcilable statements which li»1 
been made with regard to theine ? According to Rtrauch, this substanf 
sublimes at l-??" ; according to Mulder, at 184-7°. But that both <" 
these observations deviate more than 70° from the truth may be pron 
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jy any one who cares to place a few milligrams of theine, enclosed be- 
tween two watch-glasses, over the water-bath ; in a few minutes a dia- 
;inct sublimate will condense on the upper glass, and, in point of fact, 
:heine will be fonnd to sublime several degrees below 100°. 

Since this great divergency of opinion ia not found either in the 
ipeclfic gravity, or the boiling points, or any of the like determinations 
)f the physical properties of a substance, it is self-evident that the pro- 
:eases hitherto used for the determination of subliming points are faulty. 
The sources of error are chiefly — 

(1.) Defects in the apparatus employed — the temperature road being 
mher that of the metallic surface in the immediate vicinity of the ther- 
uometer than of the substance itself. 

(3.) The want of agreement among observers as to what should be 
sailed a subUmate — one considering a aubhmate only that which ia evi- 
ient to the naked eye; another taking cognisance of the earliest micro- 
icopic film. 

(3.) No two peraona employing the same procesa. 
With regard to the apparatus employed, I adopt Dr. Guy's subliming 
lell ; but tiie cell, inatead of resting on a metallic solid, floats on a 
netallic fluid. For any temperature a httle above 100° thia fluid is mer- 
lury, bat for higher temperatures fusible metal is preferable. 
I . The exact procedure ia aa follows : — A porco- 

lain crucible (see Fig. 13, a), about 3 inches 
in diameter, ia nearly filled with mercury or fusi- 
ble metal, as the case may he ; a minute speck 
(or two or three crystals of the substance to be 
examined) is placed on a thin disc of micro- 
scopic covering glass, floated on the hquid, and 
the ceii ia completed by the glass ring and upper 
disc. The porcelain crucible is supported on a 
* bi-asa plate (b), fixed to a retort stand in the 

fl usual way, and protected from the unequal cool- 

jflfc ing effects of currents of air by being covered 

^ ^^^BB^^^ with ii flask (c), from which the bottomhaabeen 
H|^^^^^^^Hb removed. The neck of the flask conveniently 
B^^^^J^^^^t supports a thermometer, which pasaea through 
^^^|^H|B^ a cork, and the hiilb of the thermometer is im- 
mersed in the bath of liquid metal. In the first 
* examination of a substance the temperature ia 

aised somewhat rapidly, taking olf the upper disc with a foreepa at every 
0° and exchanging it for a fresh disc, until the substance is destroyed. 
'he second esamination ia conducted much more slowly, and the disc 
xchanged at every 4° or 5°, whilst the final determination is effected by 
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raising the tempemture with grea,t caution, uud exchanging the discs . 
about the points of change (already partially determine*!) at every h 
degree. All the discs are examined microscopically. The most coove 
iont definition of a sublimate is this — the most minute films, dots, < 
crystals, which can be observed by ^-inch power, and which are obiain 
ed by keeping the subliming cell at a definite temperature fur s; 
seconds. The commencement of many sublimates assumes the sht^wi 
dots of extraordinary minuteness, quite iuviaible to the unaided eye; a 
on the other hand, since the practical value of sublimation is maialy i 
an aid to other methods for the recognition of Bubstances, if we go beyoD 
shorl intervals of time, the operation, otherwise simple and speedy, I 
comes cumbersome, and loses its general applicability. 

There is also considerable discrejiancy of stiitement with regard t 
the melting poini; of alkaioidal bodies ; in many instances a viscous stal 
intervenes before the final complete i-eaolution into fluid, und one obseN 
ver will consider the vificous state, the other complete fluidity, as tht. 
melting point. 

In the melting points given below, the same apparatus was nseit 
but the aubijtauce was simply placed on a thin disc of glass Ro&tiagoi 
the metallic bath before described (the cell not being completed), tu 
examined from time to time microscopically, for by tills means alone a 
the first drops formed by the most minute and closely adherent cryat^ 
to the glass be discovered. 

Morphine, at 150°, clouds the upper disc with nebulee ; the n 
are resolved by high magnifying powers into minute dots ; these dot 
gradually become coarser, and are generally converted into crystals it 
188° ; the alkaloid browns at or about 200°. 

TItebaiiie sublimes in theiue-like crystals at 135° ; at higher temper 
atures (160° to 200°), needles, cubes, and prisms areobserved. The re« 
due on the lower disc, if examined before carbonisation, is fawn-coloiuHE 
with non- characteristic spots. 

Narcoline gives no sublimate ; it melts at 155° into a yellow liquid^ 
which, on raising the temperature, ever becomes browner to final bhob 
ness. On examining the residue before carbonisation, it is a rich browB 
amorphous substance : but if uarcotine be heated two or three degiM 
above its melting point, and then cooled slowly, the residue is orystallhtt 
— ^long, fineueedles radiating from centres being common. 

JUarceine gives no sublimate ; it melts at 134° into a colourless liquid, 
which undergoes at higher temperatures the usual transition of brow! 
colours. The substance, heated a few degrees above its melting poinW 
and then allowe<l to cool slowly, shows a straw -coloured residue, dividei 
into lobes or drops containing feathery crystals. 

Papaverine gives no sublimate ; it melts at 130°. The redone 
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heated a little above its melting point, imtl tlien slowly cooled, la amor- 
phous, of a light-brown colour, and in no way characteristic. 

Hyoscyainine gives no crystalline sublimate ; it melts at 89°, ami ap- 
pears to volatilise in great part without decomposition. It molts into an 
almost colourless fluid, which, when solid, may exhibit a network not 
unlike vegetable parenchyma ; on moistening the network with water, 
interlacing crystals immediately appear. If, however, hyoscyamine be 
kept at 94° to 95° for a few minutes, and then aloWly cooled, the edges 
of the spots are arborescent, and the spots themselves crystalline. 

Atropine (daturine) melts at OT" ; at 123° a faint mist appears on 
the upper disc. Crystals cannot be obtained ; the residue is not charac- 
teristic. 

Solanine. — The upper disc is dimmed with nebulse at 190°, which 
are coarser and more distinct at higher temperatures ; at 200° it begins 
to brown, and then melts ; the residue consists of amber-brown, non- 
characteristic drops. 

iS/r^cAntne gives a minute sublimate of fine needles, often disposed 
in lines, at 169° ; about 2^1° it melts, the residue (at that temperature) 
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Brucine melts at 151° into a pale yellow liquid, at higher tempera- 
tures becoming dee ii-brown. II the lower disc, after melting, be exam- 
ined, no crystals are observed, the residue being quite transparent, with 
branching lines like the twigs of a leafless tre& ; light mists, produced 
rather by decomposition than by true sublimation, coudeuae on the up- 
per diac at 185°, and above. 

Saponin neither melts nor sublimes ; it begins to brown about 146°, 
almost black at 185°, and quite so at 100°. 

DelpMnine begins to brown about 102° ; it becomes amber at 119"^ 
and melta, and bubbles appear. There is no crystalline sublimate ; resi- 
due not characteristic. 

Pilocarpine gives a distinct crystalline sublimate at 153° ; but thin 
mists, consisting of fine dots, may be observed as low as 140°. Pilocar- 
pine melts at 159° ; the sublimates at 1G0° to 170° are in light yellow 
drops. If these drops are treated with water, and the water evaporated, 
feathery crystals are obtained ; the residue is resinous. 

Tkeine wholly sublimes ; the first sublimate is minute dots, at 79° ; 
at half a degree above that very small crystals may be obtained ; and at 
Bach a temperature as 130°, the crystals are often long and silky, 

Theobromine likewise wholly sublimes ; nebula at 134°, crystals at 
170°, and above. 

Salicin melts at 170° ; it gives no crystalline sublimate. The melted 
mass remaius up to 180° ; almost perfectly colourless ; above that tem- 
peratnre browning is evident. The residue is not characteristic. 
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Picrotoxin gives no crystalline sublimate. The lowest temperatnrtS 
at which it eublimea is 138°; the usual iiebuliB then make their ap-1 
pearance ; between 165° and 170° degrees there is alight browning ; at f 
170° it melts. The residue, slowly cooled, ia not characteristic. 

Cantharidhi sublimes very scantily between 82° and 83° ; at 85° tbo^l 
sublimate is copious, 

The active principles of plants may, in regard to their behaviour ta 1 
heat, be classed for practical purposes into — 

1. Those which give a decided crystalline sublimate: 

{«.) Below 100°, e.g., theine. thebaine, cantharidin. 
(5.) Between 100° and 150°, e.g.. quinetum. 
(c.) Between 150° and 300°, e.g., strychnine, morphine, pilo- 1 
carpine. 

3. Those which melt, but give no crystalline sublimate : 

{«.) Below 100°, e.g., hyoacyamine, atropine. 
{b.) Between 100° and 150°, e.g., papaverine. 
(c.) Between 150° and 200°, e.g., salicin, 
((/.) Above 200°, e.g., aulanino. 

3. Those which neither melt nor give a crystalline sublimate, «.J.| 
saponin. 

Jdenfif cation iy Organic Analysis. — In a few cases (and in a fer 
only) the analj'st may have sufficient material at hand to m^e 
organic analysis, either as a means of identification or to confirm Otbet 
testa. By the vacuum process described in vol, i., "Foods," in which' 
carbon and nitrogen are determined by measuring the gases evolved I7 
burning the organic substance in as complete a vacuum as can be 
obtained, very minute quantities of a substance can be dealt with. a:i4 
the carbon and nitrogen determined with great accuracy. It is found 
in practice that the carbon determinations appear more reliable thia 
those of the nitrogen, and there are obvious reasons why this should 
be 60. 

Theoretically, with the approved gas-measuring appliancee, it is pa 
sible to measure a cc, of gas ; but few chemists would care to create 
formula on less than 10 cc, of COj. Now, since 10 cc. of CO, is eqni 
to G'33 mgrms. of carbon, and alkaloids average at least half theil 
weight of carbon, it follows that 12 mgrms. of alkaloid represent about 
the smallest quantity with which a reliable siugle combustion can bi 
made. 

The following table gives a considerable number of the alkaloids ani 
alkaloidal botlies, arr:inged according to their content in carboa : — 
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TABLE VIL— CONTENT OP CAKBON AND NITROGEN IN 

VABIOUS ALKALOIDAL BODIES. 



Asparagin, . 

Methylamine, 

Betaine, 

Theobromine, 

Theine, . 

Indican, • 

Muscarine, . 

Xiauro-cerasin, 

Amanitine, . 

Narceine, 

Ck)]ckicine, . 

Oxyucan thine, 

"Solanine, 

Trim ethy lamine, 

Jervine, 

Sabadilline, . 

Aconitine, 

Nepaline, 

Colchicein, . 

Veratroidine, 

Narcotine, 

Veratrine, 

Belphinine, . 

Physostogmine, 

Bhceadine, 

Cocaine, 

Oelsemine. . 

Conhydrine, . 

Staphisagrine, 

Ohelidonine, . 

Atropine, Hyoscyamine, 

Banguinarine, 

Papaverine, . 

Delpbinoidine, 

Morphine and Piperine 

Berberine, 

Codeine,. 

Thebaine, 

Cytisine, . • 

Nicotine, 

Quinine, . 

Coniine, . 

Strychnine, . 

Curarine, 



Quantitative Estimation of the Alkaloids, — For medico-legal purposes 



Carbon. 


mtrog«n. 


86-86 


21-21 


88-71 


4617 


44-44 


10-87 


46-67 


8111 


49-48 


28-86 


49-60 


2-22 


60-42 


11-77 


62-47 


1-58 


67-69 


18-46 


69-63 


802 


60-58 


416 


60-57 


4-42 


60-66 


1-68 


61-02 


28-78 


61-08 


614 


61-29 


8-46 


61-89 


217 


6809 


212 


68.44 


4-88 


63-8 


81 


68-92 


8-39 


64-42 


2-91 


64-55 


8-42 


65-49 


15-27 


65-79 


6-65 


66-44 


4-84 


67 00 


710 


6712 


9-79 


67-5 


8-6 


68.06 


12*34 


70-58 


4-84 


70-59 


438 


70-79 


4-18 


70 9 


8-9 


71-58 


4-91 


71-64 


418 


72-24 


4-68 


73-31 


4-50 


73-85 


12-92 


74-08 


17-28 


75-02 


8-64 


76-81 


11-20 


77-24 


8-92 


81-51 


528 
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the alkaloid obtained is usually weighed directly, but for technical pii> 
poses other proceasea are nsed. Oue of the most convenient of these ia 
titration with normal or decinormol sulphtiriu acid, a method ftpplicnble 
to a few alltaloids of marked basic powers — e. g., quinine is readily and 
with accuracy estimated in this way, the alkaloid being rlisaolved in 
known volume of the acid, and then titrated back with soda. If a largs 
number of observations are to be made, an acid may be prepared so tint 
each cc. equals 1 mgrm. of quinine. A reagent of general application 
ia found in the so-called Mayer's reagent, which consists of 13.540 grniB, 
of mercuric chloride, and 49'8 grms. of iodide of potash in the litre of 
water. Each ec. of such solution precipitates — 



Of Strychnine. . 


. . -0167 


" Brucine, 


■0333 


" Quinme, .... 


.0108 


" Cinchonfne, . 


•01(t3 






" Atropine, 


■0145 


" Aconitine, 


■0368 


" Veratrine, . 


■0389 


" Morphine. . 


■0200 


» Narcotme, . 


■0313 


" Nicotine, . ■ . 


■0040B 


•■ Coniine, 


. ■00418 



The final reaction is found by filtering, from time to time, s drop on toft 
glass plate, resting on a blackened surface, and adding the test until no 
precipitate ajipears. The results are only accurate when the strength of 
the solution of the alkaloid is about 1 :200; eo that it is absolutely neceft' 
sary first to ascertain approximatively the amount present, and then W 
dilute or concentrate, as the case may be, until tho proportion mentioned 
is obtained. 

A convenient method of obtaining the sulphate of an alkaloid for 
quantitative purposes, and especially from organic fluids, is that re 
mended by Wagner. The fluid ia acidulated with sulphnric acid, and 
the alkaloid precipitated bya solution of iodine in iodide of potasK The 
precipitate is collected and disaolved in an aqueous solution of hypoBtd- 
phite of soda. The filtered solution ia again precipitated with tht 
iodine reagent, and the precipitate dissolved in sulphurous acid, which« 
ou evaporation, leaves behind the pure sulphate of the base. 

It is also very useful for quantitative purposes to combine an alka- 
loid with gold or platinum, by treating the solution with the chlorides o! 
either of those metals — the rule as to selection being to give that meUl 
the preference which yields tha moat Insoluble and the moat ciystalliak 
ble compound. 



VEGETABLE ALKALOIDS 



The following table gives the percentage of gold or plattnimi left on 
ignition of the double salt : 



TABLE vni. 



Atropine, 

Aconitine, 

Amanitine, 

Berberine, 

Bnicme,. 

Cinchonine, 

Ciuciionidine, 

Codeine, . 

Coniine, . 

Curarine, 

Delphinine, 

Delpliiiioidine, 

EmetiD. ■ 

Hyoscj-amine, 

Morpbioe, 

Muscarine. 

Narcotine, 

Narceine, 

Nicotine, 

Pilocarpine, 

Quinine,! 

Stryctmine, 

Tbebaind. 

Theine, . 

Theobromine, 

Veratrine. 



37-87 
IBll 
20-36 



S4-6 

48-01 



37-03 
21-01 



Baroptic Estimation.* — If W be the weight of a body, V its 
Tolnme, S its specific gravity, and U tho weight of a unit of the stand- 
ard, then W^VSU. This well-known principle is constantly applied 
to determine the weight of large maasea of substances, which, from their 
bulk or position, cannot be directly placed on a balance — for example, 
the Egyptian pyramids have been measured, and the weights calculated 
from the cubic volume and the known specific gravity of the atone 
entering into their composition. If the formula has thus been made 
use of in the vast, it is also applicable to the minute — to small particles 
of substances, so fine that they are inappreciable by the most delicate 
balance. In several experiments made in order to ascertain whether, 
by careful measurement by a micrometer, it is possible to obtain the 

' BaroB, weight — Opti/yui, sight—the weight or aa object aBCertained bj in- 
iQWotion. 
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weight of a minute crystal, the specific gravity of which is known, I 
obtained the following results : — So long as the crystal has a definite 
form, no difficulty is experienced ; but when a drop of a solution ia 
allowed to slowly evaporate, or when a crystalline- com pound is fonned 
by precipitation, the great practical difficulty is found to be the liabihty 
of only a part of the deposit to be crystalline in most cases, some small 
portion being deposited either in an amorphous condition, in dots, or in 
irregular masses. Nevertheless, in not a few casee, the expert can 
obtain a fairly accurate weight, if he only give the necessary time to the 
measurements of the separate and single crystals which compose the 
unweighabie film or deposit. 

The details of the operation are as follows : — A micrometer ew- 
piece is used, and tlie value of each division of the eye-piece determined 
in the way recommended in vol. i., "Foods," p. 73. The eye-piece of 
the microscope should be made to tarn with great ease, and the dimuu- 
Hions of each crystal taken by adjusting the micrometer to 
its chief edges. What, and how many, measurements will 
be required, depends, of course, upon the form of the 
crystal — thus, for example, a cubical crystal will only re- 
quire one side measured, and that side, multiplied three 
times into itself, gives the solidity or cubical content. The 
Bolidity of a rectangular crystal is obtained by multiplying 
the length or breadth and depth together. The solidity 
of a triangular prism is obtained by multiplyiug the area 
of the base (see Fig. 14) A B E by the length A B. In 
snch a case, a measurement of A D would also give A E 
and E D, for these sides are equal ; supposing that A B 
measured 20 micrometer divisions, and A D measured 2'6, 
the area of the base A E D is then, according to ordinary rule*.* 
Vd-75xX-2oxl-ibxl-Zo = 2-70G3, and the solidity is 2-7063x20— , 
fi4'136, this nnraher reqatring to be translated into millimetres. 

To obtain the necessary dimensions of not a few crystals, may re- 
quire a careful measurement of one or more angles, and the application 
of the rules of trigonometry. A considerable acquaintance with the geo- 
metric forms of crystals, as laid down in works on crystallography, i 
eential to success if the baroscopic method is largely applied. 

• The area of a triangle, the Bides havinR been given, ia found by subtract- 
ing from half tlie Bum of the three sides, eacii sicJe aeveraUv : half the sum of 
the three remainders are oontinuallj maltiplled together, and the square root of 
the last product is the area of the triangle. 
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II. LIQUID VOLATILE ALKALOIDS. 

THE ALKALOIDS OF HEMLOCK— NICOTINE— PIT DRIE— SPARTEINE. 

1. THE ALKALOIDS OF HEMLOCK (CONIUM.) 

The conium niaculaluni, or spotted hemlock, is a rather common 
EnmbelliferouB plant, growing in waste places, and flowering from about 
Ethe beginning of Jnno to August. The stem ia from three to five feet 
I high, smooth, branched, and spotted with purple ; the leaflets of the 
^ partial involucres are unilateral, ovate, lanceolate, with an attenuate 
point shorter than the umbels ; the seeds are destitute of vittie, and 
have five prominent crenate wavy ridges. The whole plant is fcetid and 
poisonous. Conium owes its active properties to a volatile liquid alka- 
loid, Coiiiine, united with a crystalline alkaloid, C'onhydrine. 

Coniine, conia, conicine (C,HiaN) — specific gravity, 'SSe to -381, 
boiling point, 163'5° — is a clear, oily fluid, poasessing a peculiarly un- 
pleasant, mousey odour. One part is soluble in 100 parts of water, in 6 
parts of ether, and in almost all proportions of aniyl alcohol, chloroform, 
and benzene. It readily volatilises, and, provided air is excluded, miy 
be distilled unchanged. It ignites easily, and burns with a smoky Same. 
; It acts as a stroug base, precipitating the oxides of metals and alkaline 
'■ earths from their solutions, and it coagulates albumen. Coniine forma 
L^aalts with hydrochloric acid (C,Hi,N.HCl.), phosphoric acid, iodic acid, 
\ and oxalic acid, which are in well-marked crystals. The sulphate, ni- 
[ trate, acetate, and tartrate are, on the other hand, non-crystalline. 

If coniine is oxidised with nitric acid, or bichromate of potash, and 

' diluted sulphuric acid, butyric acid is formed ; and since the latter has 

[ sn unmiatakahle odour, and other characteristic properties, it has been 

proposed as a test . for coniine. This may be conveniently performed 

thus : — A crystal of potassic bichromate is put at the bottom of a test- 

tiilw, and some diluted sulphuric acid with a drop of the supposed 

coniine added. On heating, the butjTic acid reveals itself by its odour, 

J and can be distilled into baryta water, the butyrate of baryta being 

robseqnently separated in the usual way, and decomposed by sulphuric 

[ Bcid, &c, 

Another test for coniine is the following : — If dropped into a solu- 

i tion of alloxan, the latter is coloured after a few minutes un intense 

purple-red, and white needle-shaped crystals are separated, which dis- 

I iolve in cold potash-lye into a beautiful purple-blue, and emit an odour 

of the base.* Dry hydrochloric acid gives a purple-red, then an iqdigo- 

• Schwarzenbaoh. FtertfJjaArsscAr. /. Praat. Pharm., viij,, 170. 
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blue coloar, with coniine ; but if the acid is not dry, there is formed i 
bluish-green crystalline mass. This test, however, is of little value to 
the tosicologist, tlie pure substance alone responding with any definite 
result. 

The ordinary precipitating agents, according to Dragendorff, act as 
follows : — 

Potass, biamuth iodide. 

1 : 2000. a strong orange procii)itate. 

1 ; 3000. The drop of the reagent is surroanded with a muddy 

border. 
1 : 400U. The drop of the reagent is Burrounded with a muddy 

border. 
1 : 5000, fltill perceptible. 
1 : 6000. The last limit of the reaction. 

Phosphomoljbcid acid givea a strong yellow precipitate; limit, 
1 : 5000. 

Potass, mercuric iodide gives a cheesy precipitate ; limit, 1 : 1000 in 
neutral, 1 : 800 in acid, solutions. 

Potass, cadmic iodide gives an amorphous precipitate, 1 : 300. The 
precipitate is soluble in excess of the precipitant. (Nicotine, under 
similar circumstances, givea a crystalline precipitate.) 

Of all these testa the most satisfactory are — 

(1.) The formation of microscopic needles of hydrochlorate of 
coniine, doubly refracting light, and evolving a mousey odour when 
breathed upon. 

(2.) The formation of butyric acid in oxidation. 

(3.) The reaction with alloxan. 

Most of the coniine of commerce contains — 



Methyl 



C.H.„org'|;»[w. 



a substance which can be formed artificially by warming coniine with 
methyl iodide, treating the mixture with soda-lye, and distilling. It 
seems probable that the baae which MM. Michael and Gnndelach • lia^iJ 
recently obtained, by the reaction of butilydene chloride and methyl- 
, is identical with methyl coniine. It is very similar to coniine in 
appearance ; and Drs. Crum Brown and Praser have established the 
fact that its toidc action is both qualitatively and qnantitatively equal to 

• Bir. lii-r DciitMA. Chem. Qea., xiv. 




that of coniine. Ethyl coniina and methyl coniine are also Bimilar in 
acnoQ to coniine. 

Conhydrine (C,H„NO) is frequently present in coniine, from wMeh 
it may be separated by coaling down to 5", filtering through glasa wool, 
and purifying the cryatala on the filter by petroleum ether, in which 
fluid conhydrine does not readily dissolve. Conhydrine forms colourlesa 
glittering crystals, which melt about 120 -e", the resulting fluid boiling 
at 226-3° ; at higher temperaturea it volatilises without residue. It dia- 
Eolyes somewhat in water, and easily in alcohol and ether ; the solution 
is strongly alkaline. 

Conhydrine is a poison similar to, but not quite so powerful as, 
coniine. It has little medico-legal interest. Wertheim's experiments 
appear to show that for every 100 of coniine, hemlock contains only 6-7 
I of conhydrine.* 

Pharmaceutical Preparations. — The percentage of coniine in the 
plant itself, and in pharmaceutical preparations, can be approximately 
determined by distilling the coniine over, in a partial vacuum, f and 
Titrating the distillate with Mayer's reagent, each cc.^about ,00416 
grm. of coniiae. It appears to be necessary to add powdered potaasic 
chloride and a small quantity of diluted sulphuric acid before titrating, 
or the precipitate does not separate. In any case, the end of the reac- 
tion is difficult to .observe. J 

The fresh plant is said to contain from about -04 to '09 per cent.^ 
and the fruit about ? per cent, of coniine. 

The oflicinal preparations are — the leaves, the fruit, a tincture of the 
fruit, an extract ot the leaves, the jtiice of the loaves {iSuccits conii), a 
compound hemlock pill (composed of extract of hemlock, ipecacuanha, 
and treacle), an inhalation of coniine ( Vapor conii), and a poultice 
{Ca/aplasma conii), made with the leaves. 

Statistics of Coniine Poisoning, — F. A. Falckg has been able to collect 
seventeen cases of death recorded in medical literature, np to the year 
1880, from either coniine or hemlock. Two of these cases were criminal 

• By the reaction between butylic aldehyde and alcoholic emmooia, Bchiff 
bSB prepared an isomeride of coniine — paraconiiue. It is a nltrila buBe, while 
coniine is an Imtne base ; it is poisonous, and similar in its action to coniine, 

t This is easily effected by uniting a flask containing the alkaloid fluid, air- 
tight, with a Lieliig's condenaer and a. receiver, the latter being connected with 
Sunsen's water-pump, or one of the numerous exhausting apparatuses notv in 
use in every laboratory. 

J Dragendorff, tHe Chemixhe Werthbeatimmung einiger etarkieirkender Dro- 
BU Petereb.. 1874. 

g Prakt. Toieicologie, p. 278. 
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(murders), one suicidal, two cases in which coniine had been nsed medi- ] 
cinally {in one instance the extract had been applied to a cancerous breast ; I 
in the other, death was produced from the injection of an infusion of 1 
hemlock leaves). The remaining twelve were cases in which the root, f 
t«ares, or other portions of the plant had been ignorantly or accidentallj I 
eaten. I 

Effects an A nimah. — It destroys all forms of animal life. I have re- J 
cently made an investigation as to its action on the common blow-fly. 
Droplets of coniine were applied to varions part« of biow-tliea, which were I 
then placed under glass shades. The symptoms began within a minnto I 
by signs of external irritation, there were rapid motions of the wings, and I 
quick and aimless movements of the legs. Torpor set in speedily, the I 
buzz soon ceased, and the insects lay on their sides, motionless, but for I 
occasional twitching of the legs. The wings, a^ a rule, become com- J 
pletely paralysed before the legs, and death occurred at a rather variable ' 
time, from ten minutes to two hours. If placeil in a current of air in 
the sun, a fly completely under the influence of coniino may recover. 
Coniine causes in frogs universal paralysis (which is not preceded by con- 
\'ulaiona) and speedy death. Drageudorfl experimented on tlie action of 
coniine when given to five cats, the quantities used being -5 to -05 grm. 
The symptoms came on almost immediately, but with the smaller dose 
given to a large cat, no effect was witnessed until twenty-five minutuft 
afterwards : this was the longest intcn-al. One of the earliest phenom- 
ena was dilatation of the pupil, followed by weakness of the limbs passinff 
into paralysis, the hinder legs being affected prior to the fore. The re- 
spiration became troubled, and the frequency of the breathing dimiuist 
ed ; the heart in each ease acted irregularly, and the sensation generally 
was blunted ; death wua preceded by convulsions. In the cases In 
which the larger dose of '4 to -5 grra. was administered, death took place 
within the hour, one animal dying in eight minutes, a second in eighteen 
minutes, a tJiird in twenty minutes, and a fourth in fifty-eight minut«& 
With tho smaller doso of 'OSl grm, given to a large cat, death did not 
take plaee until eight hours and forty-seven minutes after administration. 

Effects on Man. — In a case recorded by Bennet,* and quoted in most 
works on forensic medicine, the symptoms were those of general mnscn-: 
lar weakness deepening into paralysis. The patient had eaten hemlook 
in mistake for parsley ; in about twenty minutes he experienced west- 
noaa in the lower extremities, and staggered in walking like a drunken 
man ; within two hours there was perfect paralysis of both upper and 
lower extremities, and he died in three and a quarter hours. In another 
case, related by Taylor, the symptoms were also mainly those of panJysis, 

*fijin. Med. and Surg. Javm., 3vdj. 1B45, p. 166. 



sod in other instances, atnpor, coma, aud slight convulsions have hoen 
noted. 

Physiological Action. — It is generally agreed that coniine paralyses, 
first the eiids of the motor nerves, afterwards their trunks, and lastly, the 
motor centre itself. At a later period the sensory nerves participate. In 
the earlier stage the respiration is quickened, the pupils contracted, and 
the blood-pressure increased ; but on the development of paralysis the 
breathing becomes slowed, the capillaries relaxed, and the blood -pressure 
sinks. Death takes place from cessation of the respiration, and not prim- 
arily from the heart, the heart beating after the breathing has stopped, 
Coniine ia eliminated by the urine, and is also in part separated by the 
Inugs, while a portion ia, perhaps, decomposed in the body. 

Fosi-mortem Appearances. — There is nothing characteristic in the 
appearances after death. 

Fatal Dose. — The fatal dose of coniine is not knoivn ; in the case of 
Louise Berger, 10 to 15 drops appear to have caused death in a few min- 
ntes. The auto-esiieriments of Dworzak, Hoinrich, and Dillaberger, 
would indicate that one drop may cause unpleasant symptoms. Albcra, 
in the treatment of a woman suffering from cancer of the breast, witnessed 
convulsions and loss of consciousness from a third dose of 4 mgrms. (-06 
grain) ; and Enlenberg, its full narcotic effects on a child after subcuta- 
neons injection of 1 mgrm. {'015 grain). 

Separation of Coniiiie from Organic Matters or Tissues. — The siib- 
Btancee are digested with water, acidulated with II,SO„ at a temperature 
not exceeding 40°, and then filtered. If the filtrate should be excessive, 
it must be concentrated ; alcohol is then added, the liquid refiltered, and 
from the filtrate the alcohol separated by distillation. 

On cooling, the acid fluid is agitated with benzene, and the latter sep- 
arated in the nsual way. The fluid ia now alkalised with ammonia, and 
shaken op once or twice with its own volume of petroleum ether \ the 
latter is separytcd and washed with distilled water, and the alkaloid is 
obtained almost pure. If the petroleum ether leaves no residue, it is 
certain that the alkaloid was not present in the contents of the stomach 
or intestine. 

The affinity of coniine with ether or chloroform is such, that its so- 
lution in either of these fluids, passed through a dry filter, scarcely re- 
tains a drop of water. In this way it may be conveniently purified, the 
impurities dissolved by water remaining behind. 

In searching for coniine, the stomach, intestines, blood, urine, liver, 
and Inngs, are the parts which should be examined. According to Dra- 
gendorfl, it has been discovered in the body of a cat six weeks after 
death. 

Great care must be esercised in identifying any volatile alkaloid as 
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coniinej for the sources of error aeem to be nmnerous. Iii one case* aT*i 
latiie couiiuc, like ptomaioe, was separated from a corpse, and thought 
to bo couiine ; but Otto found that in its behaviour to platituc chloride^, 
it differed from couiine ; it was very poisonoiia — '07 was fatal to tt froj^ 
•44 to a pigeon, in a few minutes. In the seeds of Lvpinus luteus then 
is a series of coniine-like substancost but they do not give the chuntct^ 
iatic crystals with hydrochloric acid. 

2. NICOTINE. 

The various species of tobacco found in commerce all contain 
liquid, volatile, poisonous alkaloid {Nicotine), probably united in III 
plant with citric and malic acids. There is also present in tobacco i 
unimportant camphor {nicotianin). The general compoaition of th 
plant may be gathered from the following table : — 

TABLE IX.— FRESH LEAVES OF TOBACCO (POSSELT AND 
RIENMANN). 



Nicotine, 

Concrete volatile oil, 

Bitter extractive, 

Qum with malate ot lime, 

Chlorophyl. 

Albumen and gluten, 

Malic acid, 

Lignine and a trace of starch, 

Salts (sulphate, nitrate, and malate of potash, chloride \ 
of potassium, phosphate and matate of lime, and v 
malate of ammonia, ) 

Silica, .... 

Water, 



0-1)60 
0010 

8-870 



0-73* 

(1-0S8 



Quantilative Estimaiion of Nicotine in Tobacco. — The best proceH 
{although not a perfectly accurate one) is the following t — 25 grms. oi 
the tobacco are mixed with milk of lime, and allowed to stand until 
there is nc odour of ammonia; the mixture is then exhausted bv petro- 
leum ether, th ether shaken up with a slight excess of normal snlphnrio 
acid, and titrated back by baryta water : the anlphate of baryta may!* 
collected and weighed, so as to control the reaults with regard to the pw- 
centage of nicotine in commercial tobacco. Kosutony found from I'fiSl 

• Otto, AnJeituag x. Aurmittlimg d. Oifte. 
j Bley6rt, Zeittehtift far Nntur. Wiiieiitehaft' 




lo 3"738 per cent, in dry to^acco ; Letheby, in aix samples, from 1'6 to 
3-2 per cent.; whilst Schloaaing gives for Havanna, 2 per cent., Mary- 
land, 2'2i) per cent., Kentucky, 6-09 per cent., Virginian, 6-87 per cent., 
and for French tobacco, qnantities varying from 3-22 to 7-96 per cent. 
Again, Lenoble found in Paraguay tobacco from 1'8 to 6 per cent.; and 
Wittatein, in aix sorts of tobacco in Germany, l-S4to 2-72 percent. We 
are thus driven to the conclusion that the alkaloid Taries within very 
vide limits, although it is quite possible that the processes of extraction 
and estimation by these yarious observers are of unequal value. 

Nicoline (C,oII„N,}, when pure, is an oily, colonrless fluid, of I'Olll, 
Bpecific gravity at 15°.* It evaporates under 100° in white clouds, and 
boils about 240°, at wliich temperature it partly distils over unchanged, 
and is partly decomposed — a brown reainona product remaining. It 
volatilises with aqueous and amy! alcohol vapour notably, and is not 
even fixed at -10°. It has a strong alkaline reaction, and rotates a ray 
of polarised light to the left. Its odour, especially on warming, is strong 
and unpleasantly like tobacco, and it has a sharp caustic taste. It ab- 
Borba water espoaed to the air, and dissolves in water in all proportions, 
partly separating from anch solution on the addition of a caustic alkali. 
The aqueous solution acts in many respects like ammonia, saturating 
acids fully, and may therefore be in certain cases estimated with accuracy 
by titration, 49 parts of H^O, corresponding to 163 of nicotine. 

Alcohol and ether dissolve nicotine in every proportion ; if auch solu- 
tions are distilled, nicotine goes over first. The salts which it forms with 
hydrochloric, nitric, and phosphoric acida cryatalliae with difficulty ; tar- 
taric and oxalic acid form white crystalline aalts, and the latter, oxalate of 
nicotine, is solnble in alcohol, a property which distinguishes it from the 
oxalate of ammonia. The oxalate of nicotine is the best salt from which 
to regenerate nicotine in a pure state. 

Hydrochloride of nicotine is more easily volatilised than the pure 
base. Nicotine is precipitated by alkalies, &c., also by many oxyhydratea, 
lead, copper, &c. By the action of light, it is soon coloured yellow and 
brown, and becomes thick, in which state it leaves, on evaporation, a 
brown, resinous substance, only partly solnble in petroleum ether. 

A very excellent test for nicotine, as confirmatory of others, is the 
beautiful, long, needle-like crystals obtained by adding to an ethereal 
solution of nicotine a solution of iodine in ether. The crystals require a 
few hours to form. 

Chlorine gas colours nicotine blood-red or brown ; the product is 
aolnble in alcohol, and separates on evaporation in crystals. 
m C'yanogen also colours nicotine brown ; the product out of alcohol ia 

L 



* J. Skalweit, B«r. der. Jknitxh. Chan. OeaeU.. U. 180B. 
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not crystalline. Platiii chloride throws dowii a reddish crystalline pi* 
cipitate, aohible on warming ; and gallic acid gives a floccalent precipi- 
tate. A drop of nicotine poured on dry chromic acid blazes up, and givw 
oot an odonr of tobacco camphor ; if the ignition does not occur in the 
cold, it is produced by a gentle heat. It is scarcely possible to confound 
nicotine with ammonia, by reason of its odour ; and, moreover, ammonia 
may always bo excluded by converting the base into the oxalate, and dift; 
solving in absolute alcohol. 

On the otlier hand, a confusion between coniine and nicotine is apt 
to occur when small quantities only are dealt with. It may, however, bA 
guarded against by the following tests : — 

(1.) If coniine be converted into oxalate, the oxalate dissolved in-: 
alcohol, and coniine regenerated by distillation (best in vacuo) with caoh 
tic-lye, and then hytirochloric acid added, a crystalline hydrochlorate oC 
coniine is formed, which double refracts light, and is in needle-shaped or 
columnar crystals, or dendritic, mose-like forms. The columns aflM^ 
wards become torn, and little rows of cubical, octahedral, and tetrahot 
dral crystals (often cross or dagger-shaped) grow out of yellow amorphont 
mosses. Crystalline forms of this kind are rare, save in the case of 
dilute solutions of chloride of ammonium (the presence of the latter i% 
of course, rendered by the treatment impossible) ; and nicotine does lut 
give anj-thing similar to this reaction. 

(2.) Coniine coagulates albumen ; nicotine does not, 

(3.) Nicotine yields a characteristic crystalline precipitate with 
aqueous solution of mercuric chloride ; the similar precipitate of ooniins 
is amorphous. 

Effects on Animals. — Nicotine is rapidly fatal to all animal life — from 
the lowest to the highest forms. That tobacco-smoke is inimical to in« 
sect-life is known to everybody ; very minute quantities in water kill in- 
f nsoria. Fish of 30 grms. weight die in a few minutes from a milligram 
of nicotine ; the symptoms observed are rapid movements, then shireiH 
iug and speedy paralysis, with decreased motion of the gills, and death. 
With frogs, if doses not too large are employed, there ia first great rest- 
lessness, then strong tetanic convulsions, and a very peculiar position of the 
limbs ; the vespiratii>n after fatal doses soon ceases, but the heart beuta er&L 
after death. Birds also show tetanic convulsions followed by paralysis antf 
speedy death. The symptoms witnessed in mammals poisoned by nicotinft 
are not essentially dissimilar. With large doses the effect is similar to that 
of pruaaic acid — viz., a cry, one or two shuddering convulsions, and 
death. If the dose ia not too large, there is trembling of the limbs, ex- 
cretion nf fffices and urine, a peculiar condition of stupor, a staggering 
gait, and thou the animal falls on it.^ side. The respiration at first quick- 
ens, is afterwards slowed, and becomes deeper than natnral ; the pulse 
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also, with moderate doses, is first slowed, then ripes in frequency, and 
finally, again falls. Tetanic convulsions soon develop ; during the tetanus 
the pupils have been noticed to be contracted, but afterwards dilated, the 
tongue and mouth are livid, and the veBsela of the ear dilated. Very 
characteristic of nicotine poisoning as witnessed in the cat, the rabbit, 
and the dog, is its peculiarly violent action, for after the administration 
of from one to two drops, the whole course from tlie commencement of 
symptoms to the death may take place in five nunutes. 

The larger animals, such as the horse, are aflected similarly to the 
smaller domestic animals. A veterimiry surgeon, Mr. John Howard, of 
Woolwich,* has recorded a case in which a horee Buffered from the moat 
violent symptomfl of nicotine-poisoning, after an application to his skin of a 
strong decoction of tobacco. The Bymptoms were trembling, particular- 
ly at the posterior part of the shoulders, as well as at the fianks, and 
both fore imd hind extremities ; the superficial muscles were generally 
relaxed and felt flabby ; and the pupils were widely dilated. There was 
P«1bo violent dyspntea, the respirations being quick and short, pulse 3'i 
er minute, and extremely feeble, fluttering, and indistinct. Wien matle 
IKo walk, the animal appeared to h'ave partly lost the use of its hind 
T'lituba, the jiostorior quarter rolling from side to side in an unsteady mau- 
the legs crossing each other, knuckling over, and appearing to bo 
kWTiousIy threatened with paralysis. The anus was very prominent, the 
' bowels extremely irritable, and tenesmus was present. He passed much 
iflatus, and at intervals of three or four minutes, small quantities of fieces 
in balls, partly in the liquid state, and coated with slimy mucous. There 
was a staring, giddy, intoxicated appearance about the head and eyes, 
the visible mucous membmno being of a dark-red colour. A great ten- 
dency to collapse was evident, but by treatment with cold douches and 
ejcpoenre to the open air, the horse recovered. 

In a case occurring in 181)3, in which sis horses ate oats which had 
been kept in a granary with tobacco, the symptoms were mainly those 
of usrcoais, and the animals died.f 

Effects on Man. — Poisoning by the pure alkaloid nicotine is so rare 
that, up to the present, only three cases are on record. The first of these 
is ever memorable in the history of toxicologj', being the first instance in 
■which a pure alkaloid had been criminally used. The detection of the 
poison exercised the attention of the celebrated chemist Stas. I allude, 
of course, to the poisoning of M. Fongnies by Count BocarmS and his 
wife. For the unabridged narrative of this interesting case, the reader 
may conault Tardieu'a Etude MSdico- Legale sur VEmpoisonnament. 

• Veter. Journal, vol. iii. 

^AnnaUt VfUrinaireg. BnuceUes. 1808. 
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Boearnitj actiiiilly studidil chemistry in order to prepare the alkaloid 
himself, aud after hiiving succeeded in enticing his victim to the chateau 
of BJtrcmout, admiiiiatered the poison forcibly. It acted immediately, 
and death took place iu five minutes. Bocarme now attempted to hids 
all trace of the nicotine by pouring strong acetic acid into the mouth 
and over the body of the deceased. The wickedness and cruelty of th* 
crime were only equalled hy the clumsy and unskilful manner of its per- 
petration. The quantity of nicotine actually used in tJiia case must Imra 
been ouormotis ; for Staa 8e|>ariited no IwisthuD "4 grm. from theatomacli 
of the victim. 

The second known case of nicotine-poisoning waa that of a man who 
tcxik it for the purpose of suicide. The case is related by Taylor. It 
occurred iu June, 18(33. The gentleman drank an unknown quantity 
from a bottle ; he stared wildly, fell to the floor, heaving a deep sigh, 
and died quietly without convulsion. The third case happened at Cher- 
bourg,* whore an officer committed suicide by taking nicotine, but how 
much had been swallowed, and what were the symptoms, are equally un- 
known, for no one saw bim during life. 

Poisoning by nicotine, pure and- simple, then, is rare. Tobacco-poi- 
Bouing is very common, and has probably been experienced in a mild d^ 
gree by every smoker in first acquiring the Jiabit. Nearly all the fatal 
cases are to bo a^ribed to accident ; but criminal cases are not unknown. 
Christison relates an instance in which tobacco in the form of anufi waa 
put into whisky for the purpose of robbery. In 1854 a man waa accused 
of attempting to poison his wife by putting snofF Into her ale, but ac- 
quitted. Iu another case, the father of a child, ten weeks old, killed the 
infant by putting tobacco into its mouth. Ho defended himself by say- 
ing that it was applied to make the child sleep. 

In October, 1855, f a drunken sailor swallowed (perhaps for the pa> 
pose of suicide) his quid of tobacco, containing from about lialf an ounca 
to an ounce. lie had it some time in his mouth, and iu half an hoar 
suffered from frightful tetanic couvulaions. There was also diiurhfea; 
the pupils were dilated widely ; the heart's action became irregular ; and 
towards tho end the pupils again contracted. He died in a sort of qtu' 
cope, seven hours after swallowing the tobaeco. 

In 1829 a curious instance of poisoning occurred in the case of twi> 
girls, eighteen years of age, who suffered from severe symptoms of to- 
bacco poisoning after drinking some coffee. They recovered ; and it 
was found that tobacco had been mixed with the coffee-berries, and botlk 
ground up together. J 

• Ann. aHygiine. 1881, x., p. 401 

t Edin. Med. Journ., 1855. 

t BarkOiausen, iV. Vtr. Ztg., v., 17, p. 83, 1888. 
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AcddentB have occurred from chikJren playing with old pipes. In 
1877 * a cliild, aged tliree, used for an hour aii old tobacco-pipe, and 
blew aoap-bubblea with it, Symptoms of poisouing soon showed tbem- 
l aelves, and tlie child died in three daya. 

Tobacco-juice, as expressed or distilled by the heat developed in the 
IBual method of emoking is very poisonous. 8onnenachein relates the 
case of a drnulten student, who waa given a dram to drink, into which 
his fellowa had poured the juice from their pipes. The result was fatal. 
Death from smoking is not unknown, t Helwig saw death follow in the case 

I of two brothers, who smoked seventeen and eighteen German pipcfuls of 
lobacco. Marshall Hall J records the case of a yonng man, nineteeuyeara of 
I *Edin. Meg and S<irg. Joiirn., xii.. 1810, 
I t The queslion as to whether there is any nicotine in tobacco-smoke cannot 
H considered settled ; but it ia probable that all the poiaonoUB symptoms pro- 
Bnced are referable to the pyridene- bases of tba geaoral formula (CnHin-eN). 
Vohl and Eulcnberg (Arch. P/iarmac. , 8 otlvi., p, 130) made some very careful 
exptirimenta on the smoke of strong tobacco, burnt both in pipes and also in 
cigars, The method adopted was to draw the smoke fii-st through potash, and 
thea through dilute sulphuric acid. Tlie potash absorbed prussioacid, hj-dric sul- 
phide, formic, acetic, propionic, butyric, valeric, and carbolic acids ; while in 
the acid the bases were fixed, and these were found to cousist of the whole series 
of pyridene bases, from pyridene) L'sHjN), boil, point 117°, picoline (C0H7N), boil, 
point 133°, lutidine (CjH(N), boil, point 154°, upwartls. When smoked in pipes. 
the chief yield was pyridene; when in cigars, collidtae(CiH,iN) ; and in general, 
pipe-smoking was found to produce a greater number of volatile buses. The 
action of these bases has been investigated by several observers. Tliey all have a 
special action on the organism, aud all show an increase in physiological activity 
as tlie series is asModed. The lowest produce merely excitement from irritation 
of the encephalic nervous centres, and the highest, paralysis of those centres. 
Death proceeds from gradual failure of the respiratory movements, leading to 
asphyxia. --(Kendrick aud Dewar, Froc. Roy.Soe.,xxii.,U2;xxni.,2dO). Thederiv- 
ativesof the pyridene series are also active. The methiodidea Strongly excite the 
brain and paralyse the extremities. A similar but more energetic action is exerted 
by the ethyl and allyl derivatives ; the iodyallyl derivatives arc stroug poisons, 
Methylic pyridene carboxylat« is almost inactive, but tlie corresponding ammo- 
nium salt gives rise to symptoms resembling epUepsy — (Bamsay, Phil. Mag,,v.i, 
241). One member of the pyridene series /9, lutidine has been elaborately investi- 
gated by C. Ureville Williams and W. H. Waters. — (Proe. Roy. Soe., vol. xxiii.,p. 
163, 1881. They conclude that it affects the heart profoundly, causingan increase 
in its tonicity, hut the action is almost contlnedto the ventricles. The auricles 
arebutlittle affected, and continue to beat after the ventricles have stopped. The 
rate of the heart's beat is slowed, and the inhibitory power of tite vagus arrested 
By its action on the nervous cells of Che spinal cord, it in the first place lengthens 
the time of reflex action, and then arrests that function. Finally, they point out 
that it is antagonistic to strychnine, and may be successfnlly employed to arrest 
the action of strychnine on the spinal cord. 

X PJionw, Joum. [3], 877, 1877. 
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age, who, after learning to smoke for two days attempted two coneecn- 
tive pipes. He suffered from ^ery serious symptoma, and did not com- 
pletely recover for several days. Gordon has also recorded severe poison- 
ing from the consecutive smoking of nine cigars. The external applica,- 
tion of the leaf may, as already shown in the caae of the horse, produce 
all the effects of the interaal adminisiratiou of nicotine. The old in- 
Bttmce, related by Hildebrand, of the illness of a whole squadron of 
hussars who attempted to smuggle tohacoo by couceaiiug the leaf next 
to their skin, is well known, and is supported by several recent and simi- 
lar cases. The common practice of the peasantry, iu many parts of 
England, of applying tobacco to stop the bleeding of wounds, and aleoai 
a sort of poultice to local swellings, has certainly its dangers. The symp- 
toms — whether nicotine has been taken Ijy absorption through the 
broken or unbroken skin, by the bowel, by absorption through smoking, 
or by the expressed juice, or the consumption of the leaf itself — show no 
very great difference, save in the question of time. Pure nicotine acts 
with as great a rapidity as prussic acid ; while if, so to speak, it is entAU- 
gled in tobacco, it takes more time to be separated and absorbed ; besides 
wliich, nicotine, taken in the concentrated condition, is a strong enough 
base to have slight caustic effects, and thus leaves some local evidences of 
its presence. In order to investigate the effects of pure nicotine, Dwor- 
zak and Heinrich made auto-experimenta, beginning witli 1 mgrm. This 
small dose produced unpleasant sensations in the month and throat, sal- 
ivation, and a peculiar feeling spreading from the region of the stomach 
to the fingers and toes. With i mgrms. there were headache, giddiness, 
numbness, disturbances of vision, torpor, dulness of hearing, and quick- 
ened respirations. With 3 to 4 mgrms., in about forty minutes there 
was a great feeling of faintness, intense depression, weakness, with pallid 
face and cold extremities, sickness, and purging. One experimenter had 
shivering of the extremities and cramps of the muscles of the hack, with dif- 
ficult breathing. The second suffered from mnscular weakness, faintness, 
fits of shivering, and creeping sensations about the arms. In two or three 
hours tlie severer effects passed away, but recovery was not complete for 
two or three days. It is therefore e\-ident, from these experiments and' 
from other cases, that excessive muscular prostration, difficult breathing, 
tetanic cramps, diarrh.^a, and vomiting, with irregular pulse, represent 
both tobacco and nicotine poisoning. The rapidly-fatal result of pu» 
nicotine has been already mentioned : but with tobacco- poisoning the 
case may terminate lethally iu eighteen minutes. This interval ia nsunllj 
short, and with children it is commonly about an hour and a half, 
although, iu the case previously mentioned, death did not take place for 
two days. 

Physiological Acti-nn. — Tficotinc is absorbed into the blood and ex- 
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«retod anohanged, in psrt by tbe kidncye and in part by the saliva {Di-a- 
ffendorff). Acconling to the wdcurches of Rosenthal and Krocker,* 
nicotinu acts energetically on the brain, at firHt exciting it, and then les- 
sening its activity ; the sjiinal marrow is similarly affected. The conval- 
sionfl appear to have a cerebral origin ; paralyaia of the peripheral nerves 
follows later than that of the nerre centres, whilst muscular irritability 
is unaffected. The convulaiouB are not influenced by artificial respira- 
tion, and are therefore to bo considered as due to the direct influence of 
the alkaloid on the nervous aystem. Nicotine has a striking influence on 
the respiration, first quickening, then slowing, and lastly arresting the re- 
spiratory movements : section of the vagus is witliout influence on this 
action. The cause of death is evidently due to the rapid benumbiug and 
paralysis of the respiratory centre. Death never follows from heart-paral- 
ysis, although nicotine powerfully influences the heart's action, small 
doees exciting the terminations of the vagus in the heart, and causing a 
fllowing of the beats. Large doses paralyse both the controlling and ex- 
citing nerve-centres of the heart ; the heart then beats fast, irregularly, 
and weakly. The blood-vessels are first narrowed, then dilated, and, as a 
conseqiience, the blood-pressure first rises, then falls. Nicotine has a 
special action on the inteetiues, Aa 0. Naase t has shown, tliere is a 
strong contraction of the whole tract, eapeciiilly of the small intestine, 
the lumen of which may be, through a continuous tetanos, rendered very 
small. This ia ascribed to the peripheral excitation of the intestinal 
nerves and the ganglia. The utema ia also excited to strong contraction 
by nicotine ; the secretions of the bile and saliva are increased. 

Fafal iJosfl.— It ia not possible to state precisely what is the least fatal 
dose of nicotine, but probably 6 mgrms. would cause very dangerous 
symptoms in an adnlt, 

Pofi-mortmn Appearances. — There seem to be no appearances so dis- 
tinctive as to be justly ascribed to nicotine or tobacco poisoning and no 
other. 

A more or leas fluid condition of the blood, and, generally, the signs 
of death by the lungs, are thoae most frequently found. In tobacco-poi- 
soning, when the leaves themselves have been swallowed, there may be 
some inflammatory redness of the atomach and intestine. 

Separation of N^icotine from Organic Matterx, Sc. — The process for 
the isolation of nicotine is precisely that used for coniino (see p. 3+1). 
It appears that it ia unaltered by putrefaction, and may be separated and 
recognised by appropriate means a long time after death. Orfila detected 
it in an animal two or three months after death ; Melsens discovered the 

• UAer difWirkwng desNicotinttaufdea Thieriscken Orge, 
f Beitr^ge tur Fhytiologie der Danrtbewtgung. Leipaic, 1866. 
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alkaloid unmistakably in the tonguoa of two dogs, which had been buried 
in a vessel filled with earth for seven years ; jtnd it has been found, by 
several experimentB, in animals bnried for shorter jterloda. Nicotine 
should always he looked for in the tonguo aud mucous rnembrane of the 
mouth, as well as in the usual viscera. The case may be raucli compli- 
cated if the person supposed to be poisoned should have been a smokur ; 
for the defence would naturally be that there had been either excessive 
smoking or chewing, or even swallowing accidentally a quid of tobacco.* 
A ptomaine has been discovered similar to nicotine (see index, " Pto- 
maines.") Wolckenhaar separated also an alkaloid not unlike nicotine 
from the corpse of a woman addicted to intemperate habite ; but this 
base was not poisonous, nor did it give any crystals when an ethereal so- 
lution was added to an ether solution of iodine. It will be well always to 
support the chemical evidence by tests on animal life, since the intensely 
poisonous action of nicotine seems not to be shared by tlie nicotiiie-tike 
ptomaines. 

8, PITURIE. t 

Piturie (CtHaN) is a liquid, nicotine-like alkaloid, obtained from the Dubmna 
hfiptooodii. a small shrub or tree belonging to the natural order solanaeea. indige- 
nous in Australia. The natives mix piturie leaves tvith ashes Troro 
plant, and chew them. Piturie is obtained hj extracting the plant with boiling 
wat«r acidified with sulphuric acid, concentrating the liquid bf evaporation, 
tlien olkalisiug and distilling with caustic soda, and receiving the distillate 
hydrochloric acid. The solution of the hydrochlorate ia afterwards alkalised 
shaken up with etber, which readily dissolvee out the piturie. The ether solution 
of piturie ia evaporated to dryness in a current of hydrogen, and the crude piturie 
purified by distiUation in hydrogen, or by changing it into its salta, and again re- 
covering. Ac. It ia clear and colourlesswhenpureandfresh, but becomes yellowor 
brown when exposed toairand light. It boilaand distils at 343° to 244". Itissola- 
ble in all propoiiions in alcohol, water, and ether ; its taste ia acrid and pungent; 
it is volatile at ordinary temperatures, causing whit« fumes with hydrochloric 
acid; it is very irritating to the mucuous membranes, havinga smell like 
first, and then, when it becomes browner, like pyridine. It forms salts with 
but the acetate, sulphate, and hydrochlorate are varnish-like films having nc 
of crystallisation : the oxalate is a crystalline salt. Piturie gives precipil 
with mercuric chloride, cupric sulphate, gold chloride, mercur-potassic 
tanuin. and an alcoholic solution of iodine. If an ethereal solution of iodine 
added to an cihereal solution of piturie. a precipitate of yellowish-red needl 
readily soluble in alcohol, is dejKwitpd. The iodine corapoiuid melts at 110°, 
the iodine compound of nicotine melts at lOO". Piturie is distinguished 

•In an experiment if Dragendorff's. nicotine is said to have been detec 
in 35 grms. of the saliva of a person who had half an hour previously smoked ■ 

+ See ■ ' The Alkaloid from Piturie," bv Prof. Leversidge, Chem, N^ws, 3 
18 and as, 1881. 
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J ita aqueous solution not becoming turpid either on heating or on the 

addition of chlorine water; it differs from picoline in. speoiiio gmvity, picoline 
being 0013 specific gravity At 0", and piturie sinking in water ; it differa from 
aniline by not being coluured by cblorinnted lime. From nicotine it baa several 
dietiuguishing marks, one of the beat being that it does not fbange colour on 
warming with hydrochloric acid and the addition to the mixture afterwards of a 
little nitric acid. The physiological action seems to be but Uttle different from 
that o£ nicotine. It ia, of course, poisonous, but as yet has no forensic import- 



4. SPARTEINE. 

In 1851 Stenhouse* separated a poisonous volatile alkaloid from Spartium 
aeopariam, the common broom, to which he gave the name of sparteine. At the 
same time a crystalline, non-i>oisonuus substance, icopnriii, was discovered. 

Sparteine ia separated from the plant oy extraction with sulphuric acid hold- 
ing water, and then alkalising the acid solution and distilling ; it has the formula 
(CisHmN), and belongs to the class of tertiary diamines. It is a clear, thick, oily 
substance, scarcely soluble in water, to which it imparts a strong alkaline reac- 
tion; it boils at 288^. Sparteine neutralises acids fully, but the oxalate is the 
only one which can be readily obtained in crystals. It forms crystalline salts with 
platinic chloride, with gold chloride, with mercuric chloride, and with zinc chlo- 
ride. The picrate is an especially beautiful salt, crystallising in long needles, 
which, when dried and heated, explode. On sealing sparteine up in a tube with 
ethyl iodide and alcohol, and heating to 100" for an hour, ethyl sparteine separ- 
atee in long, needle-like crystals, which are somewhat insoluble in cold alcohol, 

^'ect on Animals. — A single drop kills a rabbit : but the symptoms are not 
yet determined. Mitchell describes a numbness leading into stupor and a coma- 
toM condition ; while, on the other hand, SchroS described tetanio convulsions. 



m. THE OPIUM GROUP OP ALKALOIDS. 

Opium contains n larger number of basic substancea than any plant 
known. The list reaches at present to 18 or 19 uitrogetiisoij bases, and 
almost each year there have been additions. Some of these alkaloids ex- 
ist in very small proportion, and have been little studied. Morphine and 
Qarcotine are those which, alone, are toxieologically important. Opium is 
a gummy mass, consisting of the juice of the incised unripe fruit of the 
Papaver aomnifenim liardened in the air. The following ia a list of the 
coDstitnents which have beenfound in opium : 

Morphine. C,;H,.NO,. I Codeine, CHiiNO.. 

Narootine, C„H„NO,. Thebaine, C„A„NO,, 

Nacceine, CgiH,,NO.. I Papaverine, C„H,,NO.. 

»Phil. Trans.. 1851. 
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By dehydration of Morphii 
apectively. 

Meconidine. C„H«NO,. 
Meconin, CoH.iO.. 
MecoDic Acid, CiHiOi. 
Thebol^tiu Acid. 
Fat. 



and Codeine ro- 



Caoutchouc. 

Gummy mattera— Vegetable Mucus. 
Ash, containing the usual cODStitu- 



Apomorphine, CnH,,NOj. 
Apocodeine, C, JI,,NO,. 
Pseudomorphine, C„H„NOi. 
Codaroine, C„H„NO,. 
Ladanine, C,dH»NO,. 
LoUanoBine, C„H„NOi. 
Protapine. CHi.Nd. 
Cryptopine, CHjiNC 
Lanthopine, C„H„NO.. 
Hydrocotamine. C„H|.N0,. 
Opianine, C,.H„NO„ 
' Cnoscopiue, C.,H„N,0|,. 
BhtBadiiie, C.oH^NO,. 

The various opiums differ, the ooe from the other, ir. the pereentagct 
of alkaloids, so that only a very general statement of the mean composi- 
tion of opium can bo made. The following statement may, ho^fever, be 
accejited as fairly representative of these differences : — 

Per cent. 

Morpliine 6 to 15 

Narcotine 4to8 

Other Alkaloids 9 to 2 

Meconin, Under 1 



Oum tind Soluble Huraoid Acid Matters, 
Insoluble Matters and Mucus, 



Water, 



The general resulta of the analysis of 12 Bumplea of Turkey opium, 
purchased by Mr. Bott,* from leading druggists iu London, Dublin and 
Edinburgh, are as follows : 

Water. — Highest, 31-2; lowest, 18 "4 ; mean, 22'4 per cent. 

Insoluble Residue.— Righest, 479 ; lowest, 2545 ; mean, 33-48 pw 
cent. 

Aqueous Extracl.—BigheBi, 56-16 ; lowest, SO'ttO ; mean, 45'W 
per cent. 

Crude iCorpAiwe {containing about 1 of pure morphine). — Highest' 
13'30 ; lowest, 6'7G ; mean, E<-92 per cent., which equals 12'3 per cent. 
of the dried drug. 

Persian Opium, examined in the same way, varied in crude moi 
phine from 2-1 to US per cent. : Malwa, from 6'88 to 7'30. In 18 ssni 
plea of different kinds of opium, tlie mean percentage of crude morphina 

* • Ymr Book of I'harmacy, 1879. 
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WB8 8-88 per cent, [11 percent, of the dried opium]. According to Gui- 
bourt, Smyrna opium, dried at 100°, yields 11 •'i' to 21'46 per cent., the 
mean being VZ to 14 per cent.; Egj-ptian, from 5 '8 to 13 per cent.; 
PersiaUj 11*37 per cent. In Eafit ludiuu Patnu opium, for medical use, 
he found 7-72 ; in a sample used for smoking, 5-^"! per cent.; in Alger- 
ian opium, 12'1 per cent.; in French opium, 14'8 to 22'9 ]ier cent. 

Action of Solvents on Opium. — The action of various Holventa on 
opium has been more eBpeciidly studied by several flcientista who are en- 
gaged in the extraction of the alkaloids. 

Waler diaaolves nearly everj'thing except resin, caoutchouc, and. 
woody fibre. Free morpiiino would bo left insoluble ; but it aeoms al- 
ways to be combined with meeonic and acetic acids. The aolubiUty of 
free narcotine in water is exti'cmely small. 

Alcohol dissolves resin and caoutchouc, and all the alkaloids and 
their combinations, with meeonic acid, &c. 

Amylic Alcohd dissolves ail the idkaloida, if they ore in a free state, 
and it also takes up a little of the resin. 

Ether, Benzene and Carbon Sulphide do not dissolve the resin, and 
only slightly morphine, if free ; but they dissolve the other free alkaloids 
88 well as caoutchouc. 

Acids dissolve all the alkaloids and the resin. 

Fixed Alkalies, in oxceaa, dissolve in part resin ; they also dissolve 
morphine freely ; narcotine remains insoluble, 

Lime Water dissolves morphine, but is a solvent for narcotine only 
in presence of morphine. 

Ammonia dissolves only traces of morphine ; but nareeine and co- 
deine readily. It does not dissolve the other alkaloids, nor does it dis- 
solve the resin. 

Assay of Opium. — The following processes may be described : — 

(1.) ProlHiis' Method. — Prollius* has published a simple process of 
opium assay. The opium is exhausted by water, the watery extract 
evaporated, and the residue dissolved in alcohol of 34 per cent., and di- 
luted, so that every 10 cc. of the alcoholic solution are e<|nivalent to 1 
grm. of the opium. 100 measures of the alcoholic solution are shaken 
with 5 of other and 1 of ammonia, and the liquid allowed to stand 
twenty-four hours. The morphine sinks in crystals to the bottom, 
while the narcotine and other alkaloids are dissolved by the ether, and 
remain in solution. The crystals may now be collected, and either 
weighed or titrated with decinormal acid ; 1 cc. of decinonnal acid equals 
■0285 anhydrous morphine. 

L(a.) Fluckiger's Method, as modified by Mylius,t is very accurate, 
• Pharm. Cmtral-HalU. 1878. 20. 
t Arrh. narm. (8). xr., p. 810. 
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and is as followa : — 15 grms. are carefully dried at 100°, and the wat« 
eetimated from the loes. The dried opiiim is powdered, and 8 grms. of 
the ]iowder extracted by absolute ether to remove wai, narcotine, and 
colon ring- matter. The residue is freed from ether, and digested for 
twelve hours in a closed flask with 80 cc. of water ; the liquid is filtered, 
and 43-5 grms. of the filtrate (equivalent to 5 grms. of the dried sample) 
are transferred to a small fiaak ; 17 cc, of ether-aleohol (made by mixing 
100 grms. of ether with 120 grms. of alcohol, specific gravity -815) an 
added, and I'o grms. of ammonia of '860 specific gravity. The flask is 
then closed, shaken, and put on one side for twenty-foiir hours. The 
morphine is now brought on to a weighed filt«r, which can be effected 
by detaching any crystals sticking to the side of the flask by a glass rod ; 
they can be washed by a few cc. of ether-alcohol, and the filter gently 
pressed between folds of blotting-paper till free from mother liquor, dried 
at 100", and weighed ; the results being too low, on account of the slight 
eolubility of morphine in ether-alcohol, "088 grms, of morphine are to 
be added, and then the results are said to be absolutely correct. The 
weight may be checked by titration with decinormal acid. 

(3.) Hager's Method has the merit of being speedy, although the re* 
suits are not perfectly accurate. 5 grms. of the powdered opium ai»' 
thoroughly mixed in a mortar with previously slaked lime, and then. 
heated in a flaak for an hour with 50 grms. of distilled water at a boiling 
temperature. The whole is thrown on a small filter, and washed wiA 
hot water until the filtrate weighs 80 grms. The filtrate is concentrated, 
in the water-bath to 50 grms.. and placed in a conical glass ; \'b gmtl.' 
of ether, and 6 drops of good benzene are then added, which hasten thS 
separation of morphine, and hinder the adhesions of crystals to the sidei 
of the glass. The liquid is well stirred, and 3'5 grms, of chloride of Alb- 
monium are added. After three hours the morphine is thus precipitated*^ 
separated by filtration, and weighed. The ]irecipitaie may be purified 
by washing with ether ; some morphine always remains in solution, bnt 
it may, as Dragendorff suggest*, be recovered by shaking the alkaline 
lution with amyl alcohol.* 

Medicinal and other Preparations of Opium. — The chief mixture^, 
pills, and other forma, officinal and non-officinal, in which opium msjr 
be met with, are as followa : — 

• Other methods of opium assay have been puliUshed : Bee Mr. A B. PKMotA 
method (Proceedings of Amer. Pftarnt. Assoc., 1876); Allen (ComnuTvial Orf^ 
^nalymg. \-ol. ii.. p. 473); E. R. Squibb's modiflcstion of FlQckiger's mMboA 
(P/utrm. Journ. (3), 3cii.. p. 724) ; a rapid mode of opium assay, MM. Port«« and 
Lanjloin(Journ. de Ptiarm. et dfOhim..,iiav., 1881). Year Book of l^mrmary, IBS), 

To the above may be added— (I) Schafhfs .Wefftofi— Five to 10 grms. of dry, 
finely-powdered opium are digested with sufficient distilled wat«r to make a thia' 



(1.) Officinal. 

Compound Tincture of C'ampkoi; P. B.* — Opium, camphor, benzoic 
tcid, oil of liiiise, uqO proof spirit. 

Opium, , . 41 bj weight iu 100 by moaatire, 
Benzoic Acid, . 41 ,, „ „ 

Camphor, . 31 ,, ,, „ 

One grain of opinm ia contained in half an ounce of the tincture. 

Ammoniated Tincture of Opium. — Strong solution of ammonia rec- 
tified apirit, opium, oil of anise, saffron, and benzoic acid. 

Opium, . 1 -04 parts by weight in 100 by meaaiire. 
Benzoic Acid, 1-87 „ „ „ 

One grain of opium in every 96 minima. 

pulp. After twenty-four hours the whole is tlirown on a weighed filter, and 
washed until the washings are alinuet colourless aad tasteless. The portion insol- 
uble in wat«r is dried at 1(KP and weighed ; in good opium this sliould not exceed 
40 per cent. The dltrate ia evaporated until it is about one-fifth of the wt-ight of 
the opium taken driginallj ; cooled, filtered, and treated with pure animal char- 
CmI. until the dark-brown colour is changed into a browniah-jellow. The liquid 
is then refiltered, precipitated with a slight esceas of ammonia, allowed to stand 
in an open vessel until all odour of ammonia disappears, and at the same time 
freijuently stirred, in order that the precipitate may not become crystalline — a 
form which is always more difficult to purify. The precipitate ia now collected 
on a tared filt«r. washed, dried, and weighed. With an opium containing 10 per 
cent, of morphine its weight is usually 14 per cent. A portion of the precipitate 
is then detached from the filter, weighed, and exhausted, first with ether, and 
afterwards with boiling alcohol (081 speciflc gravity). Being thus purified from 
narcotine. and containing a little colouring- matter only, it may now be dried and 
weighed, and the amount of morphine calculated, on the whole, from the data 
obtained. 

(2.) F2furj/ has proposed a titration by oxalic add as follows :— 2 grraa. of the 
powdere<l opium are macerated a few hours with 8 cc. of aqueous oxalate of am. 
monia, brought on a filter, and washed with 5 ec, of water. To the filtrate an 
equal volume of 80 per cent alcohol and ammonia to alkaline reaction ia adde<l ; 
and. after standing twenty-tour hours in a closed flask, it is filtered, and the flask 
rinae^l out with some c<r. of 40 per cent, alcohol. The filter with itscontents. after 
drying, is placed in the same flask (which should not be cleansed), a few drojis of 
alcoholic logwood solution are added, with an excess nf oxalic acid solution of 
known strength, the whole l)eing made up to 100 cc. This ia divided into two 
parts, and the excess of acid titrated Itack with diluted sods-lye. If the oxalic 
acid solution is of the strength or 4-42 grms. to the litre, every cc. of the oxalic 
acid solution which has become bound up with morphine, corresponds to 0*03 
grms. of morphine. 

• The common appellative of this tincture Is Biregorv. or Paregoric Elixir, 
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Tlte Compound Pnwder of Kino, V. B. 

Opium, 5 per oen 

Cinnamoii, 20 „ 

Kino, ..■-.. 75 „ 



The Compound Powder of Opiin 

Opium, . . . . 

Black Pepper, 

Ginger, 

Caraway Frait, . 

Tragacanth, 

Pill of Lead and Opium, P. B. 
Acetate of Lead, 
Opium, . . . . 
Confection of Roses, . 



, P. B. 



. 1000 per cent 

. 13-33 

. 33-33 

. 40-00 „ 

. 3-33 



750 per cent. 

ia-5 

12-5 



Tincture of Opium {Laudanum). — Opium and proof spirit 
grain of opium in 14'8 min.— that is, about 6-7 parts by weiglit in 100 lij 
meusure. 

Tlie amount of opium actually contained in laudanum has recentljr, 
been inTestigiited by Mr. Woodland,* from fourteen samples purchaseil 
from London and provincial chemists. The highest percentage of ex« 
tract waa 5-01, the lowest 3-21, the mean being 4*34 ; the higheat p«w 
centage of morphine waa -70 per cent, the lowest -33, the mean beia] 
'51 irar cent It is, therefore, clear that laudanum iit a liquid of verynai 
certain strength. 

Aromatic Powder of Chalk and Opium. — Opium 2-5 per cent, t 
rest of the constituents being cinnamon, nutmeg, saffron, cloves, c 
damoms, and sugar. 

Compound Powder of Ipecacuanha (Dover's Powder). 



Opium, 
Ipecacuanha, 

Sulphate of Potash, 



10 per cent. 



Confection of Opium {Oonfectia opii) is composed of symp a 
compound powder of opium ; according to its formula, it contains S'> 
per cent, of opium by weight. 

Extract of Opium contains the solid constituents capable of eitnd 
tion by water; its strength is about the same as opium itself. 

Liquid Extract of Opium has been also recently examined b 

• Year BoOe of Pharmacji, 1882 
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Woodland : * ten samples yielded as a mean 3*95 per cent, of dry 
extract, the highest numlier being 4-92 per cent., the lowest 3-02, The 
mean percentage of morphine was "28 per cent., the highest amount 
being "37, and the lowest '19 per cent. 

Liniment of Opium is eompoaed of equal parta of landannm and 
soap liniment ; it contains about 3'7 per cent, dry opium. 

The Compound Soap-pill is made of aoap and opium, one part of 
opium in every five of the maae — i.e., 20 per cent. 

Ipecacuanha and Morphine Lozenges, as the litat, with the addition 
of ipecacuanha ; each lozenge contains i_ grain (1-8 mgrma.) morphine 
hydrochlorate, -^ grain (5'4mgrms.) impocacuanha. 

Morphia Suppositories are made with liydry chlorate of morphine, 
bcnzoated lard, white wax, and oil of theobroma; each suppository con- 
tains j4 grain (324 mgrma.) of morphine sidt. 

Opium Lozenges are uom.po6ed of opium estract, tincture of tolu, 
sugar, gum, extract of liquorice, and water. Each lozenge contains 
one-tenth of a grain (6'4 mgrma.) of extract of opium. 

The Ointmenl of Galls and Opium contains one part of opium in 
14-5 parts of the ointment— i.e., opium 69 per cent. 

Opium Wine, P. B.— Sherry, opium extract, cinnamon, and cloves. 
About 4-5 of opium extract by weight in 100 parta by measure (23 grains 
to the ounce). 

Solutions of Morphiiie, hoth of the acetate and hydrochlorate, P. B., 
are made with a little free acid, and with rectified spirit. The strength 
of each is half a grain in each fluid drachm, (-0324 grm. in 3'549), or ■01 
part by weight in 100 hy measure. 

Morphia Lozenges are mode with the same accessories aa opium 
lozenges, substituting morphine for opinm ; each lozenge contains -~ 
grain of hydrochlorate of morphia (18 mgrms.) 

Syrup of Poppies. — The ordinary syrup of poppies is sweetened 
laudanum. It should, however, be what it is described — viz., a syrup 
of poppy-heads. As such, it is said to contain one grain of extract of 
opinm to the ounce. 

(2.) Patent and other Non-Officinal PaEPAKATioNs of Opium. 

Ondfrey's Cordial is made on rather a large scale, and is variable in 
strength and composition. It usually contains about 1 J4 grains of opium 
in each fluid ounce, f and, as other constituents : sassafras, molasses or 
i'- treacle, rectified spirit, and various flavouring ingredients, especially 



H- tn 



" Op. eit. 

t If made according to Dr. Pai'is' formula, I l-d grains ii 
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ginger, clovea, and coriander ; aniseod and caniwtiye may also be 



Grinrod's Remedy for Spasms consists of hydrochlorate of mor- 

phiue, spirits of Bul-volatile, ether, and camphor julap ; strength, 1 grain 
of the Iiyd roc hlo rate in every 6 ounces. 

Lemaurier's Odontalgic Essence is acetat« of morphine dissolved in 
cherry-laurel water ; strength, 1 grain to the ounce. 

Nepenthe is a preparation very similar to Liq. OpU sedath:, and a 
of about the same strength us laudanum.* 

Black Drop (known also by various names, such as Armstrong't 
Black Drop) is essentially au acetic acid solution of the constituents of 
opium. It is usually considered to be of four times the strength of 
laudanum. The wholesale receipt for it is : Laudanum, 1 ounce, and 
distiilod vinegar, 1 quart, digested for a fortnight. The original 
formula proposed by the Quaker doctor of Duriiam, Edward Tunstall, 
ia^Opium, sliced, ^ lb.; good verjuice,! ^ pints; and nutmeg, IJi 
ounce, boiled down to a syrupy thickness ; ^ lb. of sugar and 2 tea- 
spoonfuls of yeast are then added. The whole is set in a warm place for 
six or eight weeks, after which it is evaporated in the open air until it 
becomes of the consistence of a syrup. It is lastly decanted and filtered, 
a little sugar is added, and the liquid made up to 2 pints, 

"Nurse's Drops" seem to be composed of oil of curaway and 
laudanum. 

Dalby's Carminaiive — 

Carbonate of Magnesia, ... 40 grains. 
Tincture of Castor, and Compound 

Tincture of Cardamoms, of each . 15 drops. 
Laudanum, , 
\ Oil of Aniseed, 
Oil of Nutmeg, 
Oil of Peppermint, 
Peppermint Water, 
Dose, from a half to one teaspoouf ul. Another recipe has no laudanom* J 
but instead syrup of poppies, 

Otlorodyne — Brown's chlorodyne is composed of — 

Chloroform, 6 drachms. 

Chloric Ether, .... 1 ,- 

• It maj be regarded aa a purified alcxiholic solution of meconate, o( i 
phia wiib a little escees of acid, and of about the same strength as laudauum. \ 
(.Taylor.) 

t Verjuice ia the juice of the wild crab. 
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Tincture of Capsicum, . 
Hydrochloiate of Morphine^ 
Scheele's Prussic Acid, . 
Tincture of Indian Hemp, 
Treacle, 

Atkinatyn's Infant Preserver — 

Carbonate of Magnesia, • 

White Sugar, 

Oil of Aniseed, 

Spirit of Sal-volatile, 

Laudanum, 

Syrup of Saffron, . 

Caraway Water, to make up 

BoerJiave's Odontalgic Essejici 

Opium, 
Oil of Cloves, 
Powdered Camphor, 
Rectified Spirit, 



yi drachm« 
8 grains. 

12 drops. 

1 drachm. 
1 



9} 



6 drachms. 
2 ounces. 
20 drops. 
2>4 drachms. 

1 

1 ounce. 

1 pint. 



}i drachm. 
2 
5 
1J4 fl. ounce. 



99 



99 



Statistics. — In the five years, 1876-1880, 393 males and 250 females 
died from some form or other of opium poisoning ; 2 only out of the 
whole number were cases of murder, and in both the victims were 
infants ; 22*4 per cent, of the female cases and 30*5 of the males were 
suicidal. 

The following table gives a summary of the sex and ages of those 
poisoned, and the particular form of opiate used : — 
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TABLE X.— SHOWING THE NUMBER OF DEATHS FROM VARIODB 
FORMS OF OPIUM IN ENGLAND, DURING THE FIVE TEARS, 

1876-80. 
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The total cases of death from nil poisotiB in the five years in England 
were 1581, bo that some form of opium poiBOning accounted for 407 \>er- 
cent, of the total deaths from all kinds of poison. This ia a higher per- 
centage than that found in any other European country. In France, 
opium or morphine poisoning accounts for about 1 per cent, of the 
whole ; and Denmark, Sweden, Switzerland, Germany, all give very 
small proportieual numbers ; arsenic, phosphorus, and the acids taking 
the place of opiates. Tho more considerable mortality arises, in great 
measure, from the pernicious practice — both of the hardworking Eng- 
lish mother and of the baby farmer — of giving infants Tarious forms of 
opium sold under the name of " soothing aynips," " infants frietuh," 
" infants' preservativen," " nurse's drops," and the like, to allay rest- 
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piiiesneeB, and to keep tliem during the greater part of their exietenco 
I Jeleep. Another fertile cuuae of accideatal poisoniug is niiatakeE iii 
dispensing ; hut these miatukea eeem to happen more frequently on the 
Continent than in England. This ia in some degree due to the decimal 
system, which haa its dangere aa well as its advantages, e.g. : — A phy- 
sician ordered '5 grm. of morphine acetate for a child, hut onaitted the 
decimal point, and the apothecary, therefore, gave ten times the dose 
desired, with fatal effect. Again, morphine hydrochlorat«, acetate, 
and other soluble salts are liable to be mistaken for otherwhite powders, 
and in this way unfortunate accidents have occurred — accidents that, 
■with proper dispensing arrangements, should be imposeible. 

Poisoning of Children by Opium. — The dragging of children by 
opium — sometimes with a view to destroy life, sometimes merely for tho 
Bake of the continual narcotism of the infant — is especially rife in India.* 
A little solid opium ia applied to the roof of the mouth, or smeared on 
the tongue, and some Indian mothers have been known to plaster the 
nipples with opium, so that the child imbibes it with the milk, Euro- 
peans, again and again, have discovered the native nurses administering 
opiates to the infants under their care, and it is feared that in many 
caacB detection is avoided. 

The ignorant use of poppy-tea has frequently caused the death of 
young children. Thus in 1875 an inquest was held at Chelsea on the body 
of a little boy, two years and a half old. lie had been suffering from 
whooping-cough and enlargement of the bowels, and poppy-tea was by 
the advice of a neighbour given to him. Two poppy-heads were used in 
making a quart of tea, and the boy, after drinking a great portion of it, 
fell into a deep slcej), and died with all the symjjtoms of narcotic poison- 
ing- 

Doses of Opium and Morphia, — Opium in the aolid state is prescribed 
lor adults in quantities not exceeding 3 grains, the usual dose being from 
1C"3 mgrms. to fi4-8 ragrma. {/^ to 1 grain. ) The extract of opium is 
given in exactly the same proportions (special circumstauees, such as the 
habitual use of opium, excepted) ; the dose of all the compounds of 
opinm is mainly regulated by the proportion of opium contained in them. 

The dose for children (who boar opium ill) ia usually very small ; 
single drops of laudanum are given to infants at the breast, and the 
dose cautiously increased according to age. Most practitioners would 
consider half a grain a very full doae, and in cases, requiring it, would 
seldom prescribe at first more than JL. to X grain. 

The dose of solid opium for a horse is from 1-77 grma. to 7'f8 grms. 
(fi drachm to 3 drachms) ; in extreme cases, however, 4 drachms (1416 
grms.) have been given. 

• See Dr. Chever'a '• JuriBpradenoe," 3td Ed., 882 rf leq. 
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Tlie doso for large cattle is from ■U48 to 3'88 grma. (10 to GO grains); 
for calves, ■648 grm. (10 graina); for dogs it is greatly regulated by the 
size of the animal, 16*2 to 139'6 mgrins. (^ grain to 3 grains). 

Fatal Dose. — Casea are recorded of infants dying from extremely 
email doses of opium — e.g., "7, 4'3, and S'l mgrms. (-i-, -i-, and ^ of a 
grain) ; but in such instances one cannot help susiiecting some mistake, 
It may, however, be freely conceded that a very small quantity might be ■ 
fatal to infants, and that 3 mgrms. given to a child under one year wool" 
probably develop serious symptoms. 

The smallest dose of solid opium known to have proved fntal tfl 
adults was equal to 256 mgrma. (4 grains) of crude opium ( Taylor), i 
the smallest dose of the tincture (laudanum;, 7'0 cc. (2 drachms), (rajf-B 
Ut) ; the latter is, however, as already shown, uncertain in its compc 
tion. 

A dangerous dose (save under special circumstances) is: — Forahom 
14'17 grms. (4 drachms) ; for cattle, 7-04 grras. (2 drachms) ; for a do^l 
of the size and strength of a foxhound, 182 mgrms. (3 grains). 

Enormous and otherwise fatal doses may be taken under certoincon- 
ditions by persons who are not opium eaters. I have seen 13 cgrmB. (3 
grains) of morphine acetate injected hypodermically in a strong man suf- 
fering from rabies, with hut little effect. Tetanus, stryclinine, convul- 
sions, and excessive pain all decrease the sensibility of the nervous eptem 
Co opium. 

General Method for the Detection of Opium. — It is usuaUy laid down 
in forensic works that, where poisoning by opium is suspected, it is suffi- 
cient to detect the presence of meconic acid in order to establish that uf 
opium. In a case of adult poisoning there is generally substance euongli 
available to obtain one or more alkaloids, and the presence of opium may, 
without a reasonable doubt, be proved, if meconic acid (as well as eitlitf J 
morphine, narcoline, thebaine, or other opium alkaloid) has been de-J 
t«cted. Pills containing either sohd opium or the tincture, usually b 
tray the presence of the drug by the odour, and in such a case there a 
be no possible difficulty in isolating morphine and meconic aeid, with prob»B 
ably one or two other alkaloids. The method of eitraction from organia V 
fluids is the same as before described, but it may, of course, be modifiedl 
for any special purpose. If opium, or a preparation of opium, be snb-J 
mitted to Dragendorff's process (see p. 21S), the following is a sketch of-l 
the chief points to be noticed. 

If the solution is acid. 

(1.) Benzene maxoXy extracts mocoKift, which dissolves in aulphuril 
acid very gradually (in twenty-four to forty-eight hours), with a gre 
ooloor passing into red. Meconin has no alkaloidal reaction. 
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(2.) ^m!/?ffl/(7oAoMi88olyes small quantities of riieconic add, identi- 
1 by striking a hlood-retl colour with ferric chloride. 

If now the amyl ak-ohol is removed with the aid of petroloum ether, 
1 the fiuid made alkaline by ammonia — 

{1.) B«/iMwo extracta itarno/iiie, codeitte and thebaine On evapora- 

n of the benzene the alkaloidal residue maybe disaolved in water, acidi- 

with sulphuric acid, and aftor filtration, on adding ammonia in 

t, thebaine and narcoiine are precipitated, codeine remaining in solii- 

The dried precipitate, if it contain thebaine, becomes blood-red 

n treated with cold concentrated sulphuric acid, white narcottne i» 

diown by a violet colour developing gradually when the substance is dis- 

IDlved in dilute sulphuric acid 1 : 5, and gently warmed. The codeine in 

9 ammoniacal solution can be recovered by shaking up with benzene, 

i recognised by the red colour which the solid substance gives when 

lated with a little sugar and sulphuric acid. 

(2.) Chloroform especially dissolves the narceine, which, on evapora- 
tion of the chloroform, may be identified by its general characters, 
and by its solution in Fruhde'a reagent becoming a beautiful blue colour. 
Small quantities of morphine may be extracted with codeine. 
^L (3.) Amyl alcohol estriicts from the alkaline solution morphine, 
^Bdentilied by its physical characters, by its forming a crystalline prccipi- 
Hute with iodine and hydriodic acid, and the reaction with iodic acid to 
^fte described. 

^K Morphine (C,7Hi,N0a-|-H,0). — Morphine occurs in commerce as a, 
^^rhite powder, usually in the form of more or less perfect six-sided prisms, 
but sometimes in that of white silky needles, When heated in the sublim- 
ing cell (described at p. 229), faint nebulae, resolved by high microscopic 
powers into minute dots, appear on the upper disc at 150°. As the tem- 
perature is raised, the spots become coarser, and at 188° distinct crystals 
may be obtained, the best being formed at nearly 200°, at which temper- 
ature morphine begins distinctly to hrowu, melt, and carbonise. At tem- 
peratures below 188", instead of minute dots,the sublimate may consist of 
white circular spots or foliated patterns. One part of morphine, according 
to P. Chastaing, is soluble at a temperature of 3° iu .^3,333 parts of water; 
at 22°, in -l.Slo parts ; at 42°, 4,280 ; and at 100°, 4,5(i3. It is scarcely 
soluble in ether or benzene. Absolute alcohol, according to Pettenkofer, 
dissolves in the cold one-fortieth of its weight, boiling, one-thirtieth. 
Amyl alcohol, in the cold, dissolves one-fourth ])or cent., and still more 
if the alkaloid be thrown out of an aqueons acid solution by ammonia in 
the presence of amyl alcohol ; for under such circumstances the morphine 
has no time to become crystalline. According to Schlimpert, 1 part of 
morphine requires 60 of chloroform for solution ; according to Petten- 
kofer, 175. 
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Morphine is easily soluble in dilute acids, as well as in soluttoni 
of the caustic alkalies and alkaline earths ; carbouated alkalies and chlo- 
ride of ammonium also dissolve smal! quantities. The acid watery, 
tlie alcoholic solutions, tiira the plane of polarisation to the left ; for 
sulphuric, nitric, and hydrochloric aclda [a] r ^ Sfl-S" ; in alkaline boIo' 
tiou the polarisation is less, [rt]r=45'32°. It is alkaline in reaction, 
neutralising acids fully ; and, in fact, a convouient method of titrating 
morphine is by tho nse of a centinormal sulphuric acid— each cc eqnsta 
2'85 mgrras. o( anhydrous morphine. 

The salts of morphine are for tho most part crystalline, and are all 
bitter, neutral, and poisonous. They are insoluble in amylic aloohol, 
ether, chloroform, Ijenzene, or petroleum ether. 

Morphine Meco)iate is one of the most soluble of the morphine aa\ts ; 
it is freely soluble in water. Of all salts, this is most suitable for sub- 
cutaneous injection ; it is the form in which the alkaloid exists in opium. 

Morphine Hydrocniorale (0,rH„NO,tICl) crystallises in silky fibres ; 
it is readily soluble in alcohol, and is soluble in cold, more freely in boil- 
ing water. The purest morphine hydrochlorate ia eolonrleas, but that 
which is moat frequently met with in commerce is fawn or baft-coloareil 

Morphine Acetate is a crystal lisable salt, soluble in water or alcohol ;. 
it is in part decomposed by boiling the aqueous solution, some of tha 
acetic acid escaping. 

Morphine Tartraten. — These are readily sohiblo salts, and it ii 
important to note that the morphine might escape detection, if the 
expert trusted alone to tho usual test of an aikaloidal salt giving a precip- 
itate when the solution is alkalised by the fixed or volatile alkalies ; tor 
the tartrates of morphine do not give this reaction, nor do they give any 
precipitate with calcic chloride. By adding a solution of potassium 
acetate in spirit, and also alcohol and a little acetic acid to the concen- 
trated solution, tho tartrate is decom^wsed, and acid tartrate of potas- 
sium is precipitated in the insoluble form ; the morphine in the form o( 
acetate remains in solution, and then gives the usual reactions. 

The solubility of morphine salts in water and alcohol has been rft- 
cently investigated by Mr. J, U. Lloyd. Ilis results are as follows : — 

Morphine Aretnie. 

11'70 parts of water by weight at IS'O" dissolve 1 part of morphine 

acetate. 
61 '5 parts of water by weight at 100° dissolve 1 part of iiiorphina 

acetate. 
68'30 parts of alcohol by weight ('SaO specitic grarity) at 15 -0° dissolve 

1 part of morphine acetate. 
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5-30 parts of alcohol by weight (820 specific gravity) at 100° dissolve 1 
part of morphine acetate. 

Morphine Hydrochlorate. 

23'4U piirts of water dissolve at 16° 1 morphine hydrochlorate. 
■51 part of water dissolves at 100° 1 morphine hydrochlorate. 
63'70 parts of alchohol (-820 specific gravity) dissolve at 15° 1 morphine 

hydrochlorate. 
10-80 parts of alcohol ('Sao specific gravity) diBSolve at 100° 1 morphine 
hydrochlorate. 

Morphine Sulphate. 

21-60 parts of water at 15° dissolve 1 morphine sulphate. 

■75 part of water at 100° dissolves 1 morphine snlphate, 
"701 '5 parts of alcohol (■820) at 150° dissolve 1 morphine sulphate. 
I tlM'OO parts of alcohol ('820) at 100° dissolve one morphine sulphate. 

' Testa for Morphine and il» Compounds, — There are two chief 

tests for morphine, or morphine Baits. If both these reactions are 
obtained, there can bo no reasonable doubt of the presence of the 
alkaloid. Objections, more or less valid, may be made to either tesi 
taken alone, but together they are conclusive. These are a crystalline 
componnd, with iodine dissolved in hydriodic acid, and what is known 
as the " iodic acid test." 

(1.) Production of Morphine Hydriodide. — The precipitate with 
iodised hydriodic acid is formed in extremely dilute solutions, and if to 
a neutral solution no precipitate occurs, it may be confidently asserted 
that morphine is not present. Papaverine and codeine also give a crys- 
talline precipitate with the same reagent, but the crj-stals are diflJerent 
in form. Hydriodide of morjihine is dark-red in colour : the crystals are 
either free or collect in little radial groups, very definite in form, and 
well suited for "baroptic" estimation (see p. 235). Their specific 
grarity is 1'97. every 136 '3 of morphine hydriodide equals 100 of mor- 
phine crystallised with 1 at«m of water. 

(2.) Iodic Acid Test. — The substance supposed to be morjihine ia 
converted into a soluble salt by adding to acid reaction a few drops of 
hydrochloric acid, and then evaporating to dryness. The salt thus ob- 
tained is dissolved in as little water as possible — this, as in tosicological 
researches only small quantities are recovered, will probably be but a few 
drops. A little of the solution is now mised with a very small quantity 
of starch-paste, and evaporated to drvTiess at a geutle heat in a porcelain 
dish. After cooling, a drop of a solution of one part of iodio acid in 16 
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of water is added to the dry residue ; and if pvon the ^ ot & grain of 
morphine be pit'sent, a bhie colour will be developed. 

Another way of working the iodic acid teat is to iwld the iodic acid 
solution to the liquid in which morphine is supposed to be dissolvcil. 
and then shako the liquid up with a few drops of carbon disulphide. 
If moi-phine be present, the carbon disulphide floats to the top distiuctlj 
coloured piuk. Other subBtuaees, however, also set tree iodine from 
iodic acid, and it has, therefore, been proposed to distinguish morphine 
from these bj the after addition of ammonia. If ammonia is added to, 
the solution, which has been shaken up with carbon disulphide, the' 
pink or red colour of the carbon disulphide is deepened, if morphine w«i| 
present ; on the contrary, if morphine was not present; it is either dii- 
charged or much weakened. 

Olher Reactions. — There are some very interesting reactions besides 
the two characteristic tests Just mentioned. If a saturated solntion of 
chloride of zinc t>e added to a little solid morphine, and heated over the 
water-bath for from fifteen minutes to half-an-hour, the liquid develop* 
a i>eautiful and iwrsistent green colour. This would be an oxcellffliti 
test for morphine were it not for the fact that the colour is produced^ 
with only pure morphine. For example, I was unable to get the reaOr 
tion from morphine in very well-formed crystals precipitated 
ordinary laudanum by ammonia, the least trace of resinona or coloarinf 
matter seriously interfering. By the action of nitric acid on morphine 
the liquid becomes orange-red, and an acid product of the formula 
CioITtNO, is produced, which, when heated in a closed tube with wa« 
at 100°, yields trinitro-phenol or picric acid. This interesting reaction 
points very decidedly to the phenolic character of morphine. Ott 
adding a drop of sulphuric acid to solid morphine in the cold, the mofr 
phine solution becomes of a faint pink ; on gently warmiug and contina- 
ing the heat until the acid begins to vohitilise, the colour changec 
through a series of brownish and indefinite hues up to black. On cooUng! 
and treating the black spot with water, a green solution is obtained^ 
agreeing in hue with the same greeu produced by chloride of zinc. 
Vidali • has recently proposed the following test : — Morphine is di*; 
solved in strong sulphuric acid, and a little arsenate of sodium 
added ; on gently warming, a passing blue colour develops ; on raising 
the temperature higher, the liquid changes into green, then into blaflt^ 
and finally again into green. Codeine acts very similarly. The foUo' 
ing test originated with Siebold (American Journal of Pharmacy, 1878|i 
p. 54i) : — The supposed morphine is heated gently with a few drops o£ 
concentrated sulphuric acid uiid a little pure potassic perchlorate. 

•D. Vidttli, BuU. Farmaceul.. Milano, 1881, p. 197. D. E. Dott, Ffar Book 

J^armucy, 186B. 






morphine be present the Ijqaid immediately takes a pronounced brown 
colour — a reaction said to be peculiar to moi-pbine, and to auceeed 
with '- of a mgrm. In order to obtain absolutely pure percblorute, 
potasstc percblorate is heated with hydrochloric acid so loug as it dis- 
engages chlorine ; it is then washed with distilled water, dried, aud 
preserved for use. There is also a test known as " Pellagri's ;" It 
depends on the production of apomorphine. The suspected alkaloid Is 
dissolved in a little strong hydrochloric acid, and then a drop of concen- 
trated sulphuric acid la added, and the mixture heated for a little time 
from 100° to 120°, until it assumes a purple-black colour. It is now 
cooled, some hydrochloric acid again added, and themistiiro neutralised 
with sodic carbonate. If morphine be present, on the addition of iodine 
in hydriodio acid, a cherry-red colour la produced, passing Into green. 
Morphine and codeine are believed alone to give this reaction. 

E. Grimaux* has succeeded in transforming morphine into codeine. 
When 1 molecule of morphine is dissolved in alcohol containing 1 mole- 
cule of sodium hydroxide, and '2 vols, of methyl iodide are added, and the 
mixture gently heated, a violent reaction sets in and the main product Is 
codeine methlodlde (CuHnNOaOCII, Mel). If only half the quantity of 
methyl iodide Is added, then free codeme is In small quantity produced ;. 
if ethyl iodide be substituted for methyl, a now base is formed homologous 
with codeine — Grimaus considering morphine analogous to phenol — 
therefore codflne would seem to be the methyl ether of morphine. If 
morphine ia heated with iodide of methyl and absolute alcohol in a closed 
tube for half an hour at 100°, methyl iodide of morphine is obtained in 
colourless, glittering, quadratic cryatala, easily soluble in water (CnHuN 
OiMel4-H,0) ; similarly the ethyl iodide compound can be produced. 

If morphine is heated for from two to three hours in a closed tube with 
dilnte hydrochloric acid, water is eliminated — 

(C'„H„NO, — C|,H„NO,-|-H,0), 

and the hydrochlorate of apomorphine is produced. 

If concentrated sulphuric acid be digested on morphine for twelve to 
fifteen hours (or heated for half an hour at 100°). on adding to the cooled 
Tiolct-colonred solution either a crystal of nitrate of potash or of chlorate 
of potash, or a drop of dilute nitric acid, a beautiful violet-blue colour is 
produced, which passes gradually into a dark blood-red. -^ of a mgi-m. 
will respond distinctly to this test. Frohde's reagent strikes with mor- 
phine a beautiful violet colour, passing from blue Into dirty green, and 

Compt.a/id.. 93. pp. 1140-1143 and 1228; and Jiwtr. Cliem. Sue., ISai. p. 






finally almoat vanishing, ^ °^ "■ mgrm. will respond to tlie test, but it 
ie not in itself concluBive, since papaverine and certain glucosidos give an 
identical reaction, 

A test wiiieh hitherto has been much relied on, is the blue colour 
which morphine atrikea with neutral chloride of iron. The beat way to 
prepare tLe solution of iron is to sublime some ferric chloride, and dissolve 
the product, or (as suggested by Mohr) to use the fenxMunmonium alnm. 

Syjiiptoins of Opium ami Morphine Poisoning. — The symptoms of 
opium and morphine poisoning are so much alike, that clinically it is im- 
pOBsible to distinguish them ; therefore they may be consideri^d together. 

Action on Animals — Frogs. — The action of morphine or opium ou 
frogs is peculiar : the animal at first springs restlresly about, and then 
falls into a condition extremely analogous to that seen in strychnine jiot- 
fioning, every motion or external irritation producing a tetanic convnl- 
sion. This condition is, however, sometiraos not observed. The tetantic 
stage is followed by paralysis of reflex movements and cessation of breath- 
ing, the heart continuing to beat. 

Dogs. — 0-2 to 0'5 grm. of morphine meconate, or acetate, inject«d di- 
rectly into the circalation of a dog, shows its effects al most immediately. 
The dog becomes uneasy, and moves its jaws and tongue as if some pecu- 
liar taste were experienced ; it may bark or utter a whine, and then in a 
minute or two falia into a profound sleep, which is often so deep that 
wliile it lasts — usually several hours — an operation may be perforraei!. 
In whatever attitude the limbs are placed, they remain. The respiration 
la rapid and stertorous, and most reflex actions are extinguished. Towards 
the end of the sleep, any sudden noise may startlo the animal, and when 
he wakes, hia faculties are evidently confused. A partial paralysis of the 
hind legs has often been noticed, and then the dog, with his tail and pel- 
vis low, has something the attitude of the hyena. Hence this condition 
(flrst, I believe, noticed by Bernard) has been called the "hyenoi4"stat«. 
If the dose is larger than 3 to 3 grma. (31 to 46 grains), the symptoms 
are not dissimilar, save that they terminate in death, which is generally 
preceded by eouvulfiions.* 

•MM. Grasset and Amblard have Btudied the action of morphine in causing con. 
vulBJonsin the mammalia. They found that if small dosea of hydrochlorat* of mor. 
phine (from 1 to 18 centigrammes) are adminiflterod todogs.the brief sleep which is 
produc«l may be accompanied bypartift] muscular con tractioDB (in onepaw.for in- 
stance), which are renewed at variable intervals. Then occur true convulsive ahocka 
in the whole body, or in the hind limba. After an interval the phenomena tmut in 
more intense degree, andare followed by tTueconvulsiono. Regularly, ten or sixteen 
times a minute, at each inspiration, the hind limbe present a series of convulsive 
movements, which may become general Sometimes they are eicited by eiter- 
nal stimulation ; but they are usually spontaneouB. The sleep may continae pro- 
found during this convulsive period, or it may become distinctly lighter. These 



MORPHISB. 269 

Cats show very aimilar symptoms. Rabbits giily sleep, but if the 
dose is large, convulsions generally are present at the close. 

Birds, especiuUy pigeons, are able to out almost incredible quanti- 
ties of opium. A pigeon is said * to have consumed 801 grains of opium 
mixed with its food, iu fourteen days. The explanation of this is that 
the poison ia not abaorbed ; for subcutaneous injections of salts of mor- 
phine act rapidly on all birds hitherto experimenied upon. 

Physiological AcHon.—^h'tom. exjwriments on animals, the essential 
action of morphine on the nervous and arterial systems has iu some 
measure been esamined. There is no very considerable action on the 
heart. The beats are first accelerated, then dimiuiGhed in frequency ; 
but very large doses introduced directly into the circulation at once 
diminish the pulsations, and no acceleration is noticed. The slowing 
may go on to heart-paralysis. The slowing is central in its origin, for 
on the vagi being cut, morphine always quickens. With regard to the 
peripheric ends of tlio vagi, small doses excite, largo paralyse. If all 
the ner^'es going to the heart are divided, there is first a considerable ac- 
celeration, then a slowing and weakening of the pulsations. The arte- 
Irial blood-pressure, at first increased, is afterwards diminished. Thia 
increase of blood-pressure is noticed during the acceleration of the pulse, 
and also during some portion of the time during which the pulse is 
■lowed. Qeschcidlen, in his researches on the frog, found the motor 
ooavulsive phenomena may continue, with intervalB, for an hour. Differences 
are observed with di£Eerentattimala; but the cliier cliaracters of the phenomena 
are as described. In certain animals, and with small dooes, there maj be a brief 
convulsive phase at the commencement of the sleep, but it is much less constant 
than the later period of epaam. These convulsions, the authois believe, have nut pre- 
viously been described, except as a consequence of very large doses, amounting 
to grammes. The period of cerebral excitement, deeoribed by Claude Bernard aa 
occurring at the commencement of the sleep from morphine is a phenomenon of a 
different order. The conclusions drawn from the experiments are— <!) That 
L inorphia is not diametrically opposed to thebaine as is often stated, since it has, to 
Vb certain degree, the convulsive properties of the latter alkaloid. This couclu- 
K tfon is of inlerent in connection with the researches of Urimaux, just detailed (p. 
BM6). (2) That the excitomotor action of opium cannot be exclusively attributed to 
Hihe convulsive alkaloids, but is, in fact, due to tliose which are soporific. Ac- 
^WDOrding to the ordinary composition of opium, 6 centigrammes of morphine rep- 
^^VMentabout a mUligramme of thebaine. But these experiments show thnt the 
quantity of morphine has a much more powerful convulsive action than a milli- 
gramme of thebaine. (3) There is not tlie supposed antagonism researches hitli- 
erto undertaken on the antagonism between morphine and between the action of 
morphine on the frog and on the mammalia. (4) The otlier agents need to be re- 
L BBBted, and a eei>arate study made of the snbetancea which antagonise the con- 
B^Vulsive and soporilic action. 



* Hermnan's Lehr&wA der Exper. To,eioologle, p. 37-1. 
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nerves at first excited, and then depressed. When the dosoa wore large 
there was ecarcely imy excitement, but the reverse eflect, ia the neigh- 
bourhood of the place of application. According to other obaervers, the 
function of the motor nerves may be annihilated*. Accordingto Meihni- 
zen reflex action, at first much diminished, is later, after several houre, 
normal, and later still again, increased. The intestinal movements aro 
transitorily increased. In the dog there has been noticed a greater flow 
of saliva than usual, and the flow of bile from the gatl bladder is dJmin- 
islied. The pupils in animals are mostly contracted, but, if conralsions 
occur towards death, they are dilated. 

Action on Man. — There are at least three forms of opium poisoning: 
— (1) The common form, as seen in about 99 per cent, of cases : {'i) a 
very sudden form, in which death takes place with fearful rapidity (the 
foudroyante variety of the French)! j ^"d (3) a very rare entirely abnor- 
mal fonn, in which there is no coma, but convulsions. 

In the common form there are three stages, viz : — (1) excitement; 
(2) narcosis; (3) coma. lu from half an hour to an hour J the first 
symptoms commence, the pulse is quickened, the pupils are contract«d, 
the face flushes, and the bands and feet reddened, — in other words, ths 
capillary circulation is active. This stage has some analogy to the action 
of alcohol : the ideas mostly flow with great rapidity, and instead of a 
feeling of sleepiness, the reverse is the case. It, however, insensibly, and 
more or less rapidly, passes into the next stage of heaviness and stupor. 
There is an irresistible tendency to sleep ; the pulse and the respiration 
become slower ; the coujunctivse are reddened ; the face and head often 
flushed. In some cases there is great irritability of the skin, and an 
■eruption of nettle-rash. If the poison has been taken by the mouth, 
vomiting may be present. The bowels are usually — in fact almost inva- 
riably—constipated. There ia also some loss of power over the bladder. 

In the next stage, tho narcosis deepens into dangerous coma ; the 
patient can no longer be roused by noises, shaking, or external stimuli j 
the breathing is loud and stertorons ; the face often pale ; the body cov- 
ered with a clammy sweat. The pupils are still contracted, but th?y may 
in the last hours of life dilate ; and it ia generally agreed that, if a corpse 
is found with the pupils dilated, this circumstance, taken in itself, does 
not contra-indieato opium or morphine poisoning. Death occaaionallj tar^ 
miuates by convulsion. 

"Arch.f. d. Ofg. P/iytiol.. vii.,p 

+ Tardieu : Autte M^d. LignU si 

t In a remarkable case related bv Tavlor, a lady took a large dose faupposed ' 
to be 1 li oa.) of laudanum, and there were no Bymptoms (or four and a half 
ItouTB. She died in twenty-two hours. 
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The sudden form is that in wliich the individual ainke into a deop 
sleep almost immediately — tliat is, within five or ten minutes — and dies 
in a few hours. In these rapid cases the pupils iire suid to he constantly 
dilated. 

Examples of the convuliive form are to he sought among opiura- 
eiitora or persons under otherwise abnormal conditions. 

A man, forty years old, who had taken opiates daily since his tiventy- 
eecond year, (his dose being 6 grms. (92'4 grains) of solid opium), when 
oat hunting, of which sport he was passionately found, tooli cold, and as 
a, remedy, admliiistered to himself three times his accustomed dose. Very 
shortly there was a contraction of the left arm, diaturbauc-e of vision, 
pain in the stomach, faintuess, inability to siwak, and unconsciousness, 
which lasted half an hour. Intermittent convulsions now set in, and 
pains in the limbs. There was neither somnolence nor delirium, but 
great agitation ; repeated vomiting and diarrhcea followed. After five 
hours those symptoma ceased ; but he was excessively prostrate.* There 
waa complete recovery. 

One may hazard a surmise that, in such a case, tolerance has been 
established for moqihine, but not for other morphine alkaloids in tlio 
same degree, and that tlio marked nervous symptoms were in no small 
degree the effect of some of the homologous alkaloids, which, in such an 
enormous dose, would be taken in sulBcient quantity to have a physio- 
logical action. 

There are several instances of a relapsing or remittent form of poi- 
soning — a form in which the (latient more or less completely recovers 
consciousness, and then sinks back into a fatal slumber. Uiie of the best 
known is the case of the Hon. Mrs. Anson (January, 1859), who swal- 
lowed an ounce and a half of laudanum by mistake. After remaining in 
a comatose condition for more than nine hours, she revived. The face 
became natural, the pulse stcudy. She was able to recognise her daugli- 
ter, and in a thick voice to give an account of the mistake. But this 
lasted only ten minutes, when she ^ain became comatose, and died in 
fourteen hours.! 

In a Swedish case quoted by Maschka,t a girl, nine years old, in weak 
health and suffering from shght bronchitis, had been given a non-offici- 
nal acetate of morphia loaenge, which was supposed to contain -5 mgrm. 
(■075 grain) of morphine acetate. She took the lozenge at eight in the 
'DeraantpoicxXi^: DtWtageQuoHdiendeVOpiani. Paris, 18'i4. 
t Taylor. Op. eit. 

(Maachka's HaTidbueA, Baud ii., p. 488 ; also SveiiBka, ZiZfc-ScriH** FTirdhnnd; 
Apr. 1. ]). 90 : Apr. S, p. 160, 173. For otber cases see Nasmyth, Edin, Med. 
Jmim.. Dec. 1878, Kirby, Dnh. Med. Presn, Dec. 34, 1845: W. Boyd Muflchet, Med. 
Timra and Otu., March 20. 1858. 
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evening ; eoon slept, woke at ten, got ont of bed, langheil, tallted, and 
joked with the nurse, again got into hed, and very quickly fell asleep. 
At four a.m. the nurao came and found her breathing with a mltliQg 
sound, and the physician, who arrived an hour later, found the girl in a 
state of coma, with contracted pnpils, breathing stertoronsly. and the 
pulse scarcely to be felt. Despite all attempts to rouse the patient, she 
died at eight ia Che morning, twelvo hours after taking the lozenge. 

The post-morlem. examination showed some hypersemla of the brain 
and serous effusion in the yentricles, and there was also tubercle in the 
pleura. Three lozenges similar to the one taken by the patient were 
chemically investigated by Hambcrg, who found that the amount of 
acetate was very small, and that the lozenges, instead of morphine ace- 
tate, might be considered as prepared with almost jiure morphine : the 
content in the three of morphine being respectively 35, 37, and 43 
mgrms, (that is, from half a grain to three-fifths of a grain). There 
Was a difference of o})inion among the experts as to whether in this case 
the child died from mori>hino poisoning or not — a difference solely to be 
attributed to the waking up of the child two hours after taking the 
poison. Now, considering the great probability that a large dose for & 
weakly child of that age had been taken, and that this is not the only 
case in which a relapse has occurred, it seems just to infer that it was 
really a case of poisoning. 

As unusual symptoms (or rather seqnelse) may be noted in s few 
cases, hemiplegia, which soon passes off ; a weakness of the lower ei- 
tremities may also be left, and inability to empty the bladder thoroughly; 
but usually on recovery from a large dose of opium, there ia simply 
heaviness of the head, a dry tongue, constipation, and loss of appetite. 
All these symptoms in healthy people vanish in a day or two. Ther» 
have also been noticed slight albuminuria, eruptions on the skin, loss of 
taste, and numbness of parts of the l)ody. 

Opium, whether taken in substance, or still more by snbcutaneous 
injection, in some individuals constantly causes f aintnes«. In my own caaSp 
I have several times taken a single grain of opium to relieve cither pais 
or a catarrh ; almost invariably within an hour afterwards there has been 
great coldness of the hands and feet, lividity of the face, a feeling of deadly 
faintness followed by vomiting ; when this stage (which has seldom 
lasted more than half an hour) had ])a8B6d, the usual narcotic effects 
have been produced. 

Some years ago I injected one-sixth of a grain of morphine hvdi 
chlorat* subcutaneously into an old gentleman, who was suffering fronr 
acute lumbago, but was otherwise healthy, and had no heart disease 
which could be detected ; the malady was instantly relieved, and 
called out, "I am well ; it is most extraordinary." He went out of thSi 
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front door, «nd walked some fifty yards, and then was observed to reel 
about like a drunken man. He wiis supported back aud laid in the liuri- 
zontal posture ; thti face was livid, the pulse could scarcely be felt, and 
there was complete loss of couBciousneas. This state lasted about an 
hour, and without a doubt the man nearly died. Medical men in prac- 
tice, who have been in the habit of using hypodermic injections of mor- 
phine, have had experiences very similar to this and other cases, and al- 
though 1 know of no actual death, yet it is evident that morphine, when 
injected hypodermically even in a moderate dose, may kill by syucope, 
and within a few minutes.* Absorption by hypodermic administratiou is 
BO rapid that by the time, or even before, the needle of the syringe is 
■withdrawn, a contraction of the pupil may be observed. 

Opiam or morphine is j>oisonous by whatever channel it gains access 
to the system ; the intestinal mucous membrane abaorbg it readily, and 
narcotic effects may be produced by esternal applications, whether a 
wound is present or not, A case of absorption of opium by a wound is 
related in Chever's "Jurisprudence."! A Burman boy, about nine or 
ten years of ago, was struck on the forehead by a brickbat, causing a 
gaping wound about an inch long; hia parents stuffed the wound with 
Opium. On the third day after the accident, and the opinm still remain- 
ing in the wound, he became semi -comatose, and in short had all the 
Bymptoms of opium narcosis ; nith treatment he recovered. The un- 
broken skiu also rea<]ily absorbs the drug. Turdieu states that he had 
seen 30 gmis. of laudanum, applied on a poultice to the abdomen, pro- 
duce death. Christison has also cited a case in which a soldier suffered 
from erysipelas, and died in a narcotic state, apparently produced from 
the too free application of laudanum to the inflamed part. 

To these cases may be added the one cited by Taylor, in which a 
druggist applied 30 griiius of morphine to the surface of an ulcerated 
breast, and the woman died with all the symptoms of narcotic poisoning 
ten hours after the application — an event scarcely surprising. It is 
a ounoua question whether snflicient of the poison enters into the secre- 
tions — e.g., the milk — to render it poisonous. An inquest was held in 
Manchester, Nov., 1875. on tlie body of a male child two days old, in 
which it seemed proltable that detith had occurred through the mother's 
milk. She was a confirmed opium-eater, taking a solid ounce per week. 

Diagnosis of Opium Poimning. — The diagnosis is at times between 
poisoning by opium or other narcotic substances, at others, between 

* See a case of morphia poisooiag hy hjpodermic i 
by Philip E. Hill. M.R.C.8., LancH, Sept. 30, 1883. In this instance a 
grain introduced subcutaneous) 7 caused most dangeroos ajmptoms 
dener, aged 48. 

1 3rd Ed., p. 238. 
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opium and disease. Insensibility from cliloral, from alcohol, from bella- 
donna or iitropine. and from carbon oxide gus, are all more or leas like 
opium poiaouiug. With regard to chloral, it may be that only chemical 
aoalyaie and surrouuding circumstancea can clear ap the matter. In ^ 
alcohol poisoning, the breath commonly smells very strongly of alcohol, 
and there is no difficulty in separating It from the contents of the etom- 
ach, Ac, beaidcs which the atomach is naiially red and inflamed. Atro- 
pine and belladonna invariably dilate the pupil, and although just before 
death opium has the aame effect, yet we muat hold that mostly opium 
contracts, aud that a widely dilated pupil during life would, per se, lead 
us to suspect that opium had not been used, although, as before men- 
tioned, too much stress must not be laid upon the state of the pupiia. ' 
In carboQ oxide, the peculiar roae-red condition of the body affords a ^ 
striking contrast to the pallor which, for the most part, accompanioa , 
opium poisoning. In the rare casea in which couvulsiona are a proiui- ' 
nent symptom, it may be doubtful whether opium or strychnine has 
been talton, but the convulsions hitherto noticed in opium poi«>ning i 
seem to me to have been ratlier of an epileptiform character, and very 
different from the effects of strychnine. No rules can be laid down for 
casea which do not run a normal course ; in mi'dicine such are being con- 
stantly met with, and require ail the care and acumen of the trained ob- 
server. Casea of disease render a diagnosis often extremely difficult, and 
the more so in those inatances in which a dose of laudanum or other 
opiate has been administered. In a case recently under my own obser- 
vation, a woman, suffering from emphysema and bronchitis, sent to a 
chemist for a sleeping draught, which she took directly it arrived. A short 
time afterwards she fell into a profound slumber, aud died within six 
hours. The draught had been contained in an onnco-and-a-half bottle ; 
the bottle was empty, and the druggist stated in evidence that it only ] 
contained iiO minims of laudanum, 10 grains of potaesic bromide, and ' 
water. On, however, diluting the single drop remaining in the bottle, 
and imitating its colour with several samples of laudanum diluted in the 
same way, I came to the conclusion that the quantity ot laudanum 
which the bottle originally contained was fiir in excess of that which had 
been stated, and that it was over 1 drachm and under 2 drachms. The 
body was pallid, the pupils strongly contracted, the vessels of the brain 
membranes were filled with fluid blood, and there was about an ounce ot 
serous fluid in each ventricle. Tho lungs were excessively emphysema- 
tous, and there was mueli secretion in the bronchi ; the liver was slightly 
cirrhotic. The blood, the liver, and the contents of the stomach were 
exhaustively analyaed with the greatest care, but no trace of morphine, 
narcotine, or meconic acid could be separated, although the woman did 
not live more than six hours after taking the draught. I gave the j 
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opinion that it was, in the woman's state, improper to prescribe a sedi*- 
tire of that kind, and that probably death liad been accelerated, tf not 
directly caused, by opium. 

Deaths by apoplexy will only aimnlate opium-poisoning during life ; 
a post-mortem eKftmination will at onco reveal the true nature of the 
malady. In epilepsy, however, it is different, and more than once an 
epileptic fit has occurred and been followed by coma — a coma which cer- 
taiuly cannot be distinguished from that produced by a narcotic poison. 
Death in this stage may follow, and on examining the body no lesion 

, may be found. 

Opmm-etUing. — The consumption of opium is a very ancient prac- 
tice among Eastern nations, and the picture, drawn by novelist and 
traveller, of poor, dried-up, yellow mortals addicted to this vice, with 
their faculties torpid, thair akin hanging in wrinkles on their wasted 
bodies, the conjunctivae tinged with bile, the bowels so inactive that 
there is scarcely an excretion in the course of a week, the. mental facul- 
ties verging on idiocy and imbecility, is only true of a percentage of 

I -thoee who are addicted to the habit. Recent researches, and the state- 
ments of those who have had the greatest opportunity of observation, 
show that it is possible for very large doses of opium to be taken by cer- 
tain people, and yet a high degree of health, both physical and mental, 
enjoyed. The habitual cousumption of opium by individuals has a 
direct medico-legal bearing. Thus in India, among the Rtijpoota, from 
time immemorial, infused opium has been the drink both of reconcilia- 
tion and of ordinary greeting, and it is no evidence of death by poison 
if even a considerable quantity of opium be found in the stomach after 

. death, for this circumstance taken alone would, unless the history of the 
case was further known, be considered insufficient proof. So, again, in 
all cHmates, and among all races, it is entirely unknown what quantity 
of an opiate should be considered a poisonous dose for an opium-eater. 
Almost incredible quantities have, indeed, been consumed by such per- 
sons, and the commonly-received explanation, that the dnig, in these 
cases, passes out unabsorbed. can scarcely be correct, for Hermann men- 
tions the case of a lady of Zurich who daily injected subcutaneously 1 to 

' S gnus. (18'4 grains) of a morphine salt. In a case of uterine cancer, 

' recorded by Dr. W. C. Cass,* 20 grains of morphine in the twelve hours 
were frequently used subcutaneously ; during thirteen months the hypo- 
dermic syringe was used 1,3.50 times, the dose each time being 6 grains. 
It ie not credible that an alkaloid introduced into the body hyiiodermi- 
cally should not be absorbed. 

Opium-smoking is another form in which the drug is Used, but it is 



■ Lancet. March 25, 1 



See also Dr. BoulUin'e case. Lancet, ii&rch 18, 18S9. 
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an open questioii as to what poisonous alkaloids are in opium smoke. It ia 
flcarcely probable that morphine should be a constituent, for its sublimiug 
point is high, and it will rather be deposited in the cooler portion ol the 
pipe. In any case, opium-smokiag seems to Injure the health of ABiatica 
but little, Mr. Vice-Consul King, of Kew-Kiang, in a tour through. 
Tipper Yangtsoe and Stechneu, was thrown much into the company of 
junk sailors and others, " almost every adult of whom smoked more or 
leas." He says : — "Their work was of the hardest iiud rudest, rising 
at four and working with hardly any intermission till dark, hiiving con- 
stantly to strip and plunge into the stream in all seasons, and this often 
in the most dangerous parts. The quantity of food they ate was simply 
prodigious, and from this and their work it seems fairly to be inferred 
that their constitution was robust. The two most addicted to the habit 
were the pilot and the ship's cook. On the incessant watchfulness and 
steady nerve of the former the safety of the junk and all on board du- 
pended, while the second worked so hard from 3 a. si. to 10 P.M., and 
often longer, and soemeil so independent of sleep or rest, that to catch 
him seated or idle was sufficient cause for good-humoured banter. This 
latter had a conserve of opium and sugar which he chewed during the 
day, as he was able to smoke only at night. 

Post-mortem Appearances. — There are no characteristic appearances 
after death save hypenemia of the brain and blood-vessels of the mem- 
branes, with generally serous effusion into the ventricles. The pupils 
are sometimes contracted, sometimes dilated, the dilatation occurring, aa 
before mentioned, in the act of dying. The external surface of the 
body is either livid or pale. The lungs are commonly hypenemic, the 
bladder full of urine ; still, in not a few cases, there is nothing abnor- 
mal, and in no single case could a pathologist, from the appearance of 
the organs only, declare the cause of death with confidence. 

Separation of Morphine from A nimal Tissue» and Fluids. — Formerly 
a large proportion of the opium and morphine cases submitted to chemi- 
cal experts led to no results ; but owing to the improved processes now 
adopted, failure, though still common, is less frequent. The constitu- 
ents of opium taken into the blood undergo partial destruction in the 
animal body, but a portion may be found in the secretions, more 
especially in the urine and fasces. First Bonchardat* and then Lefortf 
ascertained the excretion of morphine by the urine after medicinal doses; 
Dragendorff and Hauzmann showed that the appearance of morphine in 
the urine was constant, and that it could be easily ascertained and separa- 

* BvH. Oin. de Thirap., Dec, 1861. 

t Jbum. de Ckim.. xi., 93, 1881 
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ted from the urine of men and animals ; and Levinstein* has also shown 
that the elimination from a single dose may extend over five or six days. 
The method used by Dragendorff to extract morphine from either urine 
or blood is to shake the liquid (acidified with a mineral acid) several 
times with amyl alcohol, which, on removal, separates urea and any bile 
acid$. The liquid thus purified is then alkulised, and shaken up with 
amyl alcohol, and this amyl alcohol should contain any morphine that 
was present. On evaporatian it may be pure enough to admit of identi- 
fication, bnt if not, it may be rediasolved and purified on the usual priu- 
«iples. Considerable variety of results seem to be obtained by different 
experimenters. Ijandsbergf injected hypodermically doses of -3 to -4 
grm. of morphine hydroclrl orate into dogs, making four experiments in 
all, but failed to detect morphine in the urine. A large dose with 2-4 
mgrma, of the salt gave the same result. On the other hand, -8 grm. of 
morphine hydrochlorate injected direct into the jugular vein, was partly 
excreted by the kidneys, for 90 cc. of the urine yielded a small quantity 
of morphine. Voit, again, examined the urine and f feces of a man who had 
taken moiTihine for years; he could detect none in the urine, but separated 
morjihine from the fafces.J Morphine may occasionally be recognised in 
the blood. Dragendorff § found it in the blood of a cat twenty-five min- 
utes after aaiibcutaneous dose, and he also separated it from the blood of 
a man who died of morphine poisoning in six hours. Haidlen] recog- 
nised morphine in the blood of a suicide who had taken opium extract. 

On the other hand, in a case recorded at p. 274, where a woman died 
in six hours from a moderate dose probably of laudanum, although the 
quantity of blood operated upon was over a pound in weight, and every 
care was taken, the results were entirely negative. In poisoning by 
Isndannm there may be some remaining in the stomach, and also, if large 
doees of morphine have been taken by the mouth ; but when morphine has 
been administered hypodermically, and in all cases in which several hours 
liave elapsed, one may almost say that the organ in which there is the 
least probability of finding the poison is the stomach. It may, in some 
cases, be necessary to operate on a very large scale, to examine the fieces, 
mince up the whole liver, the kidney, spleen, and lungs, and treat them 

"flerl. Klin. Woc!ien»rhr., 1876, 27. 

t Pft&ger'n Archiv, 33, 433, 418-483. Chem. Soe. Joum.. May, 1882, 543. 

tArch. Pharm.. pp. [8.], vii., pp. 85-26. 

§ Kauzmann: BeUr3ge fUr dm QeriehtHrh-Chtmischen Nacha>eis des Miyrphia 
M. Nai-rotins. Diaaert., Dorpat, 1868. DngendorS: P/iarm. ZtiUcfir. f.Buialand, 
3868. Hft. 4. 

I If&ftebg. CorrMpondeneU. , xxriv., 16, 1883. 
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with ncid alcohol. The uriiio will ulso huve to be examined, and as much 
blood as can bo obtained. In cases where all the evidence points lo a 
minute quantity {under a grain) of morphine, it is decidedly best to add 
these various extraetti together, to distil off the alcohol at a very gentle 
heat, to dry the residue in a vacuum, to dissolve again in absolute alco- 
hol, filter, evaporate again to dryness, dissolve in water, and then use 
Di-ageudorfE'a process — i.e., extract finally the morphine with amylic aluo" 
hoi from the solution alkalised. The expert will, of course, not in such a 
case, be able tosaytiiathe extracted morphine from any particular organ, 
but rather from the whole body. But does this in a medico-legal case mat- 
ter ? — I think not. Morphine is not a natural constituent of the body ; 
and if it were practicable to mince the whole corpse, treat it with sol- 
vents, and, as a result, ohuin a small quantity of morphine, such would 
be a corpus delicti of cousiderable significance. Selmi has pointed out 
that amylic alcohol extracts from putrefied matters, " ptomaines " agree- 
ing with morphine in setting free iodine from iodic acid ; but there has 
been no ptomaine separated hitherto which gives a precipitate with 
iodine and bydriodic acid of the definite and identical form of morphine 
hydriodide, and which, at the same time, resjwnda to the iodic test. The 
reaction of Poggiale has been also proposed as an aid in discriminating 
the ptomaines from morphine. It is possiljlo to detect morphine a long 
time after death. Staa found the alkaloid thirteen months after buria!. 

Narcotiiie (CoH^NOf) crystallises out of alcohol or ether in oolota- 
leaa, transparent, glittering needles, or groups of needles, belon^ng to 
the orthorhombic system. 

It is only slightly soluble in boiling, and almost insoluble in cold 
water. One part requires 100 parta of cold, and 20 of boiling 8i per 
oent. alcohol ; 126 parte of cold, 48 of boiling ether (specific gravity 
0*735) ; 2-69 parts of chloroform ; 400 of olive oil ; 60 of acetic ether; 
300 of amyl alcohol ; and 22 parts of benzene, for solution. The neutral 
Bolution of narcotine turns the plane of polarisation to the left [u]r''~ 
130'6 ; the acid solution to the right. 

Narcotine gives no crystalline sublimate ; its behaviour in the sub- 
'liming cell is described at p. 230. 

BfltaviouT of Narcotine with Reagents. — Narcotine, dissolved in 
dilute hydrochloric acid, and then treated with a little bromine, gives a 
yellow precipitate, which on boiling is dissolved ; by gradually adding 
solution of bromine and boiling, a fine rose colour is produced, but readily 
destroyed by excess of bromine. This is perhaps the best test for tho 
presence of narcotine. Concentrated sulphuric acid dissolves narcotine ; 
the solution in the cold is at first colourless, after a few minutes yellow, 
and in the course of a day or longer the tints gradually deepen. If tho' 
solution is warmed, it first becomes orange-red, then at the margin violet- 
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Wne, and if heated until hydric sulphate begins to volatilise, tho colour 
an intense rod-violet. If the heating is not carried so fur, but tho 
■olution allowed to cool, a ilehciito cherry-red buo slowly develops. If 
the sulphuric acid solution ooutains I :2l)0ti of the alkaloid, this test is 
TBry evident; with 1 ;40,000, the colour is only a faint carmine (j4. 
Mimemnftn. ) 

A solution of narcotine in pure aulphuric acid, to which a drop of 
nitric acid hits been added, becomes of a red colour ; if the solution is 
■warmed to 15i)°, hypochlorite of soda develops a curiniue-red ; and chlo- 
ride of iron first a violet, then a cherry-red. Tho procipitunta of narco- 
tine are— phosphomolybdic acid, picric acid, sulphocyanide of potash, 
potaasio cadoiic iodide, mercuric chloride, platinic chloride, auric chlo- 
ride, and several other reagents. 

From the brown mass left alter heating narcotine above 200°, hydro- 
^loric acid extracts a small portion of a base but little studied. The 
lidne consists of humopic acid (C„H„Ni,), which can be obtained by 
dissolving in caustic potash, precipitating with IICl, dissolving the pre- 
cipitate in boiling alcohol, and finally throwing it down by water. 

Effects. — Narcotine in itself has to.tic action only in rather large 
doaes ; from I to 2 grma. have been given to man, and slight hypnotic of- ' 
fects have followed. It is jwiiBonous in very large doses; an ordinary 
sized oat is killed by 3 grms. The symptoma are mainly convulsions. 

Codeine {Oi,A„NOj) is an alkaloid contained in opium in small quan- 
tity only. Mulder, indeed, quotes '66 to '75 per cent, as present in Smyr- 
na opium, but Merck and Schindler give -25 per cent. Schindlcr found, 
in Constantinople, "5 per cent. ; and Merck, in Bengal, "5 per cent. also. 
Oodeine is considered by Griraaux to be an ether of morphine ; he has 
proposed for it the name of codojnethylene. 

Codeine crystallises oat of dry ether in small, colourless, amhydrous 
oiystals ; but crystallised slowly from an aqueous solution, the crystals 
are either in well-defined octahcdra, or in prisms, contuniing one atom of 
water, and melting in boiling water to an oily fluid. 

It requires 80 parts of cold, 17 of boiling water, 10 parts of benzole, 
and 7 parts of amyl alcohol respectively, for solution. Alcohol, benzene, 
ether, and chloroform freely dissolve it, but in petroleum ether it is al- 
most insolnble. Further, it is also soluble in aqueous ammonia, 
»nd in dilute acida, but insoluble in excess of caustic i>otnsh or soda, 
and may thus be thrown out of an aqueous solution, A solution of co- 
deine turns the plane of polarisation to the left. [o]r ^IIS'S". 

Concentrated sulphuric acid dissolves codeine without colour, but 
after eight days the solution becomes blue ; this reaction is quicker if the 
acid contains a trace of nitric acid. If the Bulphuric acid solution be 
warmed to 150°, and a drop of nitric acid be added after cooling, a blood. 
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red colour ia produced. Prohde'a reagent produces a dirty grcen colour, 
soon becomiug Prassian blue, und terminating after twenty-four houra in 
u pale yellow. 

Cyanogen gas, led into an ulcoholic solution of codeine, gives first a 
yellow and then a brown colour; lastly, a crystalline precipitate fall*. 
On warming with a little sulphuric acid and ferric chloride, a blue colour 
is produced. This blue colour is apparently common to all ethers of 
the codeine class. 

Effects. — The pliyaiological action of codeine on animalshas been in- 
vestigated by Claude Bernard, Magendie, Crum Brown and Fraser, 
Falck, and a largo number of others.* It has aiso been administered to 
man, and has taken in some degree the place of morphine. Claude Ber> 
nard showed that, ivheu given to dogs in sufficient quantity to produce 
sleep, the sleep was different in some respecta to that of morphine sleep, 
especially in its after-effects. Thus, in hia usual graphic way, he de- 
scribes the following experiment : — ''Two young dogs, accustomed to 
play together, and both a little Ijcyond tlie average size, received in tha 
cellular tissue of the axills, by the aid of a subcutaneous syringe, the 
one 5 centigrammes of morphine hydrochloride, the other 5 centigrammee 
of codeine hydrochloride. At the end of a quarter of an hour both dogs 
showed signs of narcosis. They were placed on their backs in the esperi- . 
mental trough, and slept tranquilly for three or four hours. When the 
animals woke, they presented the most striking contrast. The morpliiue 
dog ran with a hyena-like gait (demarche hyinoid), the eye wild, recog- 
nising no one, not even his codeine comrade, who vainly bit him play- 
fully, and jumped sportively on his back. It was not until the next day 
that the morphine dog regained liis spirits and usual humour. A couple 
of days after, the two dogs being in good liealth, I repeated the same ex- 
periment, but in an inverse order — that is to say, I gave the codeine to 
that which previously had the morphine, and vice veratl. Both dogs 
slept about as long as the first time ; but on waking the attitudes were 
completely reversed, just as the administration of the two substances had 
been. The dog which, two days before, after having been codeinised, 
woke lively and gay, was now bewildered and half paralysed at the end 
of his morphine Bleep ; whilst the other was wide awake and in the beet 
spirits. 

Subsequent experimenters found what Bernard does not mention — 
viz., that codeine produced epileptiform convulsions. Falck made some 
very careful experiments ou pigeons, frogs, and rabbits. To all these in 
high enough doses it was fatal. Falck puts the minimum lethal dose for 
a rabbit at 61'2 mgrms. per kilo. Given to man, it produces a sleep very 

• Arm. Ofcwi. Phys. [6], 27, pp. 273-288 ; also, Jour. Chem. Sot., No. ccxliv,, 
138S, p. S58, 
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: to that deBcribed by Claude Bernard — ^that ie, a aleep which ie 
very natural, and does not leave any after-effect. Therefore, it ia de- 
clared to be the heal alkaloid of a narcotic nature to give when length- 
ened slumber ta desired, more especially since it does not confine the 
bowels, nor has it been found to produce any eruption on the akin. Be- 
fore it has a full narcotic effect, vomiting has often been excited, and in 
a few cases purging. The maximum dose for an adult is about -1 grm. 
(1-3 grains) ; three times this quantity, 3 grms. (4-5 grains), would 
probably produce unpleasant, if not dangerous, symptoms.* 

A'arceine (C'aUoNO,) cryslalliaes out of water, alcohol, or diluted 
acetic acid, in long, white, four-sided, rhombic prisms, or fine, bushy, 
united needles. It has a somewhat bitter taste, and is without odour. 

The crystals generally contain water of crystallisation. One part of 
narceine disBolves in 376 parts of cold, 230 of "boiling water. Very con- 
centrated potash-lye precipitates narceine from its watery aolution as an 
oil, weaker alkaline liquids dissolve it. One part of narceine is dissolved 
in 945 parts of 80 per cent, alcohol. It is easily soluble in boiling alco- 
hol and in hot acetic acid, but is inaoluble in ether. Benzole and petro- 
leum ether extract narceine neither from acid nor alkaline solutions ; 
chloroform extmets narceine both from acid and from alkaline aolutions, 
the latter in small proportion only. Narceine turns the plane of polari- 
sation to the left, a[r] ^=66-7°. Narceine may be separated from narco- 
tine by the addition of ammonia to the acid aqueous solution ; narcoline 
is fully precipitated by ammonia, but narceine is left in solution. 

It melts at 134°, but gives no crystalline sublimate. I'be melted 
substance is at first colourless ; but on raising the temi>erature, the usual 
transitions of colour through different shades of brown to black are ob- 
Berved, If melted, and kept a few degrees above its melting point, and 
then cooled slowly, the residue is straw-coloured, divided into lobes, most 
of which contain feathery crystals. 

At high temperatures narceine develops a herring-like odour ; the 
residue becomes darkish blue with iron chloride. Concentrated nitric 
acid dissolves it with a yellow colour ; on heating, red vapours are pro- 
duced : the fluid contains crystals of oxalic acid, and develops with pot- 
ash a volatile base. Concentrated sulphuric acid colours pure narceine 
brown ; but if impure, a blood-red or blue colour may be produced. 

FriJhde'a reagent colours it first brown-green, then red, passing into 
bine. Narceine forma precipitates with bichromate of potash, chloride 
of gold, bichloride of platinum, and several other reagents. The one 

•Forfurtherdetailaas to the uctioB of codeine, the reader is referred to L. O. 
Wach'H monoErapli, D'U Codrin (1868), wliich contains reference to the earlier 
literature. See also Harley, " The Old Vegetable Neurotics." London. 
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formed by the addition ol pot&Bsio zinc iodide is in hair-like trrfitals, 
which after twenty-four hours become blue. 

Weak iodine solution colours uarceine crystals a black-blue ; thej 
disaolYC in water at 100° without colour, but oo cooling again separate 
with a violet or blue colour. A drop of " Neaaler " solution, added lo 
solid narceiue, at once etrikea a brown colour ; on diluting the drop with 
a little wiiter, beautiful little bundles of crystals appear. 

Effects. — The physiological action of uarceine has been Tarionsly in- 
terpreted by different observers. Claude Bernard* thought it the most 
somniferous of the opium alkaloids. He said that "the uarceinlc deep 
was characterised by a profound calm and absence of the escitabdiij 
of morphine, the animals narcotised by uarceine on awaking returning 
to their natttral state without enfeeblement of the hind limbs or other 
sequcliB." It hai been amply confirmed that narceiue possesses somui- 
ferous properties, but certainly not to the extent that Bernard's obserrs- 
tions led physiologists to expect. In largo doses there is sonie irritation 
of the stomach and intestines, and Yomitiug occurs, and even diarrfatBS ; 
moderate doses induce constipation. The maximum medicinal dosemaj 
be put at ■14grm. (or %-"lG grains), and a probable dangerous dose would 
be three times that quantity, f 

Papaverine (CnH„NO,} crystallises from alcohol in white needles 
or scales. It possesses scarcely any nlkallno reaction, and has but littleefTevt 
on a ray of polarised light. It is almost insoluble in water ; alcohol anil 
ether dissolve it in the cold with difficulty ; boiling, copionsly, but tbe 
alkaloid partly separates on cooling. One jjart ot the alkaloid is disBolved 
in 36- 6 of benzene, and in 76 parts of am yl alcohol. Petroleum ether di»- 
solves it by the aid of heat, but the alkaloid separates in crystals on cool- 
ing. Chloroform extracts it from either acid or alkaline solationa- 
Papaverine gives no crystalline sublimate. It melts at 130° ; the realdne 
is amorphous, light brown, and is not characteristic. Concentrated sul- 
phuric acid colours it a deep violet-blue, and dissolves it to a vinlet. 
slowly fading. This solution, by permanganate of potash, is first groen 
and then gray. Frohde's reagent gives a beautiful violet colour, which 
becomes blue, and vanishes after twenty-four hours. Diluted solutions 
of salts of papaverine are not preci])itated by ]ihosphomolybdic acitl. It j 
is precipitated by ammonia, by the conatic and carbonated alkalie-s, l^ | 
potassic-cadmic iodide, iodine in hydnodic acid, and by alkaloidal rft- I 
agents generally— save by the important exception mentioned above. A ' 

• Comp. Rend., lii. p, 408, 1864. 

+ See J. Bouehardat, La Nardiiie. TTwtae, Paris, 1885; Harley, "The Old Vege- 
table Neurotics." Lond. ; Ch. Lin^. Eludes Bur la NaivMiif- tt son Empl'4 TWrfl- 
peiitiqiie, J7<fW, Paris, 1865 ; also Husemann's Plamenaoffc, in which theeo ani [ 
other researchcB are Bummarised. 
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olution in amyl alcohol is also precipitated by bromine ; the precipitate 
s crystalline. An alcoholic solution of platinic chloride also separates 
lapaverine platin chloride in crystals. An alcoholic solution of iodine^ 
Mided to an alcoholic solution of papaverine, separates in a little time 
crystals of the composition of CnHMNOJs- Prom the mother-liquor, by 
M>ncentration, can be obtained needles of another iodine combination, 
utiHtiNOAls ; the latter heated above 100° parts with free iodine. These 
compounds with iodine are decomposed by ammonia and potash, papa- 
rerine separating. The decomposition may be watched under the micro- 
icope. Papaverine may be assumed to be present if a substance is separ- 
ated, which gives (1) a violet colour with Prohde's reagent ; (2) a dense 
irhite precipitate with cadmio-potassic iodide ; (3) no precipitate with 
phosphomolybdic acid ; and (4) a precipitate of needles, if to an alcoholic 
lolution of the alkaloid an alcoholic solution of iodine is added. 

Effects, — Claude Bernard ranked papaverine with the convulsants ; 
probably the papaverine he had was impure. In any case, subsequent 
observations have shown that it is to be classed rather with the hypnotic 
principles of opium. Leidesdorf * administered it to the insane, and 
noted slowness of the pulse, muscular weakness, and drowsiness to fol- 
low. The doses were given subcutaneously ('42 grm. of the hydrochlo- 
ride). Baxt,f experimenting with the frog, found that a milligramme 
caused deep sleep and slowing of the heart's action. This action on ihe 
heart is witnessed also on the recently-removed frog^s heart. Guinea 
pigs and other small animals poisoned by strychnine or thebaine, and 
then given papaverine, did not seem to be so soon affected with tetanus 
as when no such remedy was administered. The fatal dose of papaverine 
for a man is unknown. I should conjecture that the least quantity that 
would cause dangerous symptoms would be 1 grm. (15*4 grains). 

Thebaine (CuHnNOs). — Opium seldom contains much more than 1 
per cent, of this alkaloid. It usually forms needles or short crystals. It 
is strongly alkaline, and by rubbing becomes negatively electric. It is 
almost insoluble in water, aqueous ammonia, and solutions of the alka- 
lies. It requires 10 parts of cold alcohol for solution, and dissolves 
readily in hot. Ether, hot or cold, if also a good solvent. 100 parts of 
benzene are required for 5*27 parts of thebaine, and 100 of amyl alco- 
hol for 1*67 parts. Chloroform dissolves thebaine with difficulty out of 
both acid and alkaline solutions ; petroleum ether extracts it from 
neither. Thebaine sublimes at 135°. The sublimate is in minute 
crystals, similar to theine : at higher temperatures (160° to 200°) needles, 
cubes, and prisms are obtained. The residue is fawn coloured. Frohde's 

♦ Ztschr, d, Wien, Aerzte, pp. 18, 116, 1868. 
t Arch. Anat.,Fhy8., p, 70, 1869. 
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reagent (as well as concentrated sulphuric acid) diBsolvee it, with the 
production of a blood-red colour, paesing gradnaUy into yeilow. Tlie 
precipitate with picric acid is yellow and amorphous ; with tannic acid, 
yellow ; with gold chloride, red-yellow ; and with platinic chloride, cit- 
ron-yullow, gradually becoming crystalline. A concentrated alcoholic 
solution of thebaine, just neutralised with HOI, deposits well-formed 
rhombic crystals of the composition C„Hai^'0,HCl-t-H,U. 

j^eris.— There is no disagnioment of opinion as to the action of 
thebaine. By the united testimony of all who have experimented with 
it, the alkaloid belongB to those poisons which produce tetanus, and the 
fiyinptoras can scarcely be difierontiated from strychnia. In Baxfa ex- 
periments on frogs he showed that there was some considerable diSerenee 
in details in the general course of the symptoms, according to the dose 
of the poison. A small dose (aueh, for example, aa -75 mgrm.) injected 
into a frog subcutaneonsly produces iramediato excitement, the animal 
jumping about, and this stage lasting for about a minute ; it then b^ 
comes quieter, and haa from three to sis minutes' sleep ; in a little time 
this comatose state is followed by reflex tetanic spasms and then spon- 
taneous tetanic spasms. With Ihroe times the dose, the tetanic conrnl- 
fiions commence early, and death takes place in from two to six hours. 
Baxt • found 6 to 7 mgrma. kill rabbits with tetanic convnlaions in from 
fifteen to twenty-five minutes. Oram Brown and Fraser also found that 
13 mgrms. injected into rabbits were fatal ; it may then be preaamed 
that the lethal dose for a rabbit ia about 5 mgrms. per kilo. A frog'i 
heart under the action of thebaine, and removed from the body, beats 
quicker and ceases earlier than one in distilled water, Thebaine ha» 
been administered to the insane Bubcutaneously in doses of from 12 to 40 
mgrms., when a rise of tempeniture and an increase in the reapiratorj 
movements and in the circulation were noticed,! J 

Tiio fatal dose for a man is not known ; '5 grms., or about 8 graiMi I 
would probiiblv be a poisonous quantitv. I 

Cryptopine (C,.H,.NO.> was discovered byT. & H. Smith in ]887.t It is ontf I 
cimtained in very minute traces in opium — somethiag hke '003 per cent. It ilft I 
crystalline substouce, the crystals being colourless, six-sided priams, without 
odour, but with a bitter taste, causing an after-Benaation like peppermint. Hie 
cryHtals melt at 803-3^, and congeal in, a crystalline form again at 171°; atbigh 
temperatures tlii'yaredecomposed with evolution of am moniacal vapour. Cryp- 
topine IB iuHoluble, or almost ao, inetber, water, oil of turpentine, and beuKenSj — 
chloroform is tbo beat solvent, or hot alcohol ; it is insoluble in aqueooa ammoa* 

* Sifru7ig«6er. d. Wien. Akadtm., W., pp. 3, 89, 1867. Areh. f. Anat. «. / 
aiol, Htt. l,p. 113, 1889. 

\F.'W.ii'a3ier.DasThAdine.e{neM<mosrniphie. Dibh.. 
t Pharm.Jovr, Trant. (3), viii., pp, 495 and 710. 
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& solutions of the caustic alkaloids. Cryptopiae is stroDgly basic, Deutralifr- 
ly mineral acide. Coneeuttated sulplmric aciil i:olourH cryptopine pure 
||the tiut grnduiUiy fading from absorption of water from tlie atmosphere. 
prjBtiil of poiaaaic nitrate bi'iDg ndded, the colour changes into a penuaneut 
fk With ferric chloride cryptopine givea no colour — thus diatioguishing it 
tmorphine. The physiologii'ai properties of cryptopine have been iBvestiga- 
T Dr. Harley ;■ it haa a narcotio action, about (double as strong as narceine, 
tour times weaker than morphiae, Munk and Sippell t found that it gave 
in auunuls to paralytio paralyDifl of the limbs, and occasionally .asphyxio 
ulsions before death. 

R/uiudiTu (C5,H.,,K0i>— BhcEadine was separated from PapariT rh as by 
•e. and has also been found in Ripaitrsonini/f rum and in opium. Rhoeadine 
the form of small auhydrous tasteless prisms, multing at 280'' and partly 
.ming. In a vacuum sublimation is almost complete, and at a much lower 
*erature. It is a very iusoluble Bubtttaiice, and ia Bcarcely dissolved, when 
wlline, by water, alcohol, ether, chloroform, benzene, and solutions of the 
1 or volatile alkalies. When in an amorphous state it is rather soluble in 
r, and may be dissolved out of any Bubstance by treating with dilute acetio 
fUnd neutralising bj ammonia, aad shaking up with ether before the pre- 
Bte becomes crystalline. Rliieadine is easily recognized by the intense blue- 
nlour produced by dissolving a little of the Bubstauce in dilute sulphuric or 
Ibohloric acid. Either Bpontaneously or on gentle warming, the colour is pro- 
pi — one part of rhoeadiue will colour in this way 10.000 parte of acid-water 
\IK purple-red, 300,000 rose-red, and 800,000 pole-red. The reaction depends 
splitting up of the rhceadine into a colourless substance, T)uedin, and a red 
iring matter. Rho?diuB is not poisonous. 

Pteadomvfphine (CiHi.NO.)- — Pseudomorphine was discovered by Pelletier 
Thiboumery iu 1835, As precipitated by ammonia out of the hot solution, 
domorphine falls as a whit«^crystallineprecipitate;butif the solution is cold, 
irecipitate is gelatinous. It possesses uo tiisCe, and haa no action on vegeta- 
lolours. On heating, it decomposes, and then melts. It disaolves easily in 
tic alkalies and in milk of lime, but ia insoluble ia all the ordinary alcoholic 
ethereal solvents, as well as in diluted sulphuric acid. The most soluble salt 
e hydrochlorate {C,tH,,NO.HCI+HiO), and that requires 70 parts of water at 
for Boliition, Various salts, Bu<;h as the sulphate, oxalate. 4c., may be pre- 
d from the hydrochlorate by double decomposition. Concentrated sulphurio 
dissolves pseudomorphine gradually, with the production of an olive-green 

Ppwi7iine(CiaHTiN,0,i), — Opianine crystallises in colourless, glittering, ortho- 
ibic needles, ,Ammouia precipitates it from its solution in hydrochloric acid 
flne white powder. It is without odour, and haa a bitter taste. It is a strong 
, and is soluble in cold, but slightly soluble in boiling water, It is also but 
itly soluble in boiling alcohol. 

^ alcoholio solution of the alkaloid gives a. voluminous precipitate with 
^0 chloride; after standing a little time, the precipitate becomes crystal- 
fthe crystals being in the shaiio of fine needles. They have the following 

i " The Old Vegetable Neurotics." 

[Hunk, Vrrsxifhe fiber die Wtrkung del Cryplopiiit 
tig* KUT Kmtnins ilea Cryptopins. Marburg, 1874, 
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compositiott — C.(H>,N.O,i,SHCl,SHgCl— and are with difficulty solable in wai« 
or alcohol. 

Opianiiie Bdminiatered to cats in doses of '145 grm., produces complex qiDp- 
toms — e. g., dilated pupils, foaitiiug at the moutb. uncertain gait, poralvsis of 
the hinder extremities, and stupor, — but the alkaloid is rare, and few experi- 
ments have been made with it. 

ApOfnoTphine (Ci-Hi.NOi). — Apomorphine is a derivative of morphine, and is 
readily prepared bj saponifying morpbiQe by heating it with dilate bTdrochloric 
acid in sealed tulies. The result is apomorphine hydrochloride, the morphine 
losiog one molecule of water, according to the equation Ci>H,iNOi=CiiH„N0i4- 
H,0. 

To extract apomorphine, the basea are precipitated by sodic bicarbonate, an'l 
the precipitate extracted by ether or chloroform, either of which solvents lesvca 
morphine undissolved. The apomorphine is again converted into hydrochloride, 
and once more precipitated bysodic bicarbonate, and is lastly obtained as a mow- 
white Hubatance rapidly becoming green on exposure to the air. The mass dis- 
Bolves with a beautiful green colour in water, and also in alcohol, whilst it col- 
ouw ether purple-red, and chloroform violet. 

Apomorphine is the pui-est and most active emetic known : whether injecrt«d 
beneath the skin or taken by the mouth, the effect is the same — there is consid- 
erable depression, faintness. and then vomiting. The dose for an adult is about 
6 mgrms. ('092 grain) subcutaneousJy administered. 

The reactions of some of the rarer alkaloids of opium with sulphuric acid tsA 
ferric chloride are as fuUowa : none of them have at present any toxicologicsl 
importance : — 

TABLE XL— SOME REACTIONS OF THE RARER ALKALOIDS 
OF OPIUM. 



Alkaloid. 


FormiiU. 


tteuolion 
eolplurioTSd. 


ReuHon 
F«Tfo'chlM««. 


Codamine, 

Imidanosine, 

Protapine, 

Hydrocotamine, 


C„H,.NO. j 
C„H„NO. 1 
C,.H„NO. ( 
C„H,.NO. 

C„H,.NO, J 


Dirty red violet col- 
our, turning dark 
violet on the ad- 
ditional HNO,, 

Dirty green to 

Dark brown o r 
black. 

Dirty red- violet; 
not c'hanged by 
trace of HSO,. 


I Dark green. 

i No colour. 
No colonr. 
t No colour. 



Meeoniii (OjM.nyl) (CnUisO,) ie In the form of white glittering needles, wiuch 
melt under water at 77° and in air atSO", again coagulating at 75", Itmaybesub- 
a beautiful crystals. It is soluble in sa parts of boiling, and 700 of ooU, 
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f t dissoIvM easily in alcohol, ether, acetic acid, and ethereal oil, and is not 
jpitated by the acetate of lead. Its Bolutioo in concentrated sulphuric acid 
taes, on warming, |jurple, and gives, on the addition uf water, a brown pre- 
ilte. Mecottin may be prepared by treating narcotine with nitric acid. Me- 
i, in large dosea, is a feeble narcotic, and 1 '35 gna, (20 grains) has been given 
an without result, 

lfeonJCj4(Td (C,H.O,)ctyBtallieea in white fihiniog Bca]<»or small rhombic 
IB, with threeatomaof water(C,H.O,+3H,0), but at 100^ this la lost, and it 
bee an opaque white mass. It reddeas litmus, and has a sourish tasi<^. It is 
k in 115 parts of cold, but dissolves in four parts of boiling, water ; it dis- 
1^ eaaily in alcohol, less so in ether. It forma well-marked salts ; the Inritiia 
lalcium ealt crystallise with one atom of water, the former having the com' 
iaa B,H.(CiIIO,)i, : the latter, if ammonium metwnate is precipitated by cal- 
frfiloride, C,H,(C,HO,). ; but if calcium chloride is ad.ied to the acid itself, 
kU has the composition C.H,CO,+H,0. If meconic acid is gently heated, it 
^qwsea into carbon dioxide and meconic acid (C>H.Oi). If the heat is 
Iter, pyromeconic acid (CiHiO,) — carbon dioxide, water, acetic acid, and ben- 
hra formed. Pyromeconic acid ia readily sublimed in large transparent 
|. Chloride of iron, and soluble iron salts generally give with meconic acid 
twith great dilution) a lively red colour, which is not altered by heat, nor by 
Bdltion of HCL nor by that of gold chloride. Sugar of lead and nitrate of 
iMch give a white precipitate ; and mercurous and mercuric nitrates white 
^low precipitatea. In any case where the analyst has found only meconic 
Mbe question may be raised in court as to whether it ia a poison or not. The 
Lipxperimeots of Serturaer,* Langer. Vogel, Bommering, and Orapef showed 
.pi comparatively speaking large doses it bad but little, if any, action on 
Ivmen. Alberst has, however, experimented on frogs, and found that in 
iot'l to '2 grm, there if. first, a narcotic action, and later, convulsions and 
i. According to Sclirofi,g there is a slight narcotic action on man, 

jPhe most generally accepted view at the present time ia that the 
Sological action of meconic acid is similar to that of lactic acid — viz., 
I doses cause some depression and feeble mircosis. 
In a special research amongst organic fluids for meconic acid, the 
tances are extracted by alcohol feebly acidulated with nitric acid ; on 
itioii the alcohol, after the addition of a little water, is distilled off, 
K the remaining fluid a solution of acetate of lead is added, and tlie 
b filtered. The filtr.ite will contain any alkaloids, whilst meconic 
^if present, is hound up with the lead on the filter. The meoonate 
|td may be either washed or digested in strong acetic acid, to pnrify 
Bonded in water, and freed from lead by SHj ; the filtrate from the 
:SDlphide may be tested by ferric chloride, or preferably, at once 

'jtan. Pfty*., xxv. S8 ; xxvij., 187. 
iZh opto et de iUU qfiihiit conuat part&as. Berol.. 1832, 
'^rch. Path, jinat.. xxYJ.. 348. 
fed. JahTBi/)., 1869. 
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evaporated to dryness, and weighed. Aiter this operation it is identified. 
II the quantity is so small that it eanuot be conveniently weighed, it may 
he estimated colori metrically, by having a standard solution of mecouic 
acid, containing 1 mgrm, in every cc. A few drops of neutral ferric 
chloride are abided iu a Nessler cylinder to the liquid under examination ; 
and the tint thus obtained is imitated in the usual way, in another cylin- 
der, by means of ferric cliloride, the standard solution and water. It is 
also obvious that the weight of the meconic acid may be increased by 
converting it into the barium salt — 100 parts of anhydrous baric meco- 
nate, BaH^ (CiHO,),, being equivalent to T^-S of meconic acid {C^Ufi,). 



IV.— THE STKYCHNDfE OE TETASrS-PRODUCING GBOUP 
OF ALKALOIDS, 

1. NUX VOMICA GROUP— STRYCHNINE— BRUCINE—IGASURINE, 

S"ux vomica is found in commerce both in the entire state and sat 
powder. It is the seed of the Strychvos nux vomica, or Eoochla tr«. 
The seed is about the size of a shilling, round, flattened, concavo-convei, 
of a. yellowish-grey or light-brown colour, covered with a velvety down tS 
fine, radiating, silky hairs, which are coloured by a solution of iodinn 
beautiful gold-yellow ; the texture is tougli, leathery, and not easily pul- 
verised ; the taste is intensely bitter. The powder is not unlike that of 
liquorice, and, if met with in the pure state, gives a dark orange-ru^ 
colour with nitric acid, which is destroyed by chloride oi tin ; the aque- 
ous infusion gives a precipitate with tincture of galls, is reddened by 
nitric acid, and gives an olive-green tint with persulphate of iron. The 
best method, hoWever, of recognising quickly and with certainty that tbe 
substance under examination is nux vomica powder, is to extract 8trj"ch- 
nine from it by the following simple process : — The powder is completely M- 
hausted by boiling alcohol (!)0 per cent),* the alcoholic extract evapori- 
ted to dryness, and then treated with water ; the aqueous solution is 
passed through a wet filter, and concentrated by evaporation to a siimll 
bulk. To this liquid a drop or so of a concentrated solution of chromate 
of potash is added, and the yellow precipitate of chromate of strychninB 
tlius obtained is separated, aud identified both by its forms and by the 
colour reactions to be described. 

* To this group also beloug some of the opium alkaloids, — See " Thebaine,* 
" Landamine," "Codeine," " Hyilrocotamine." 
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Chemical ConiposUwi, — Nut yomica contains at least four distinct 
principles — 

(1.) Strychnine. 

(2.) Brucine. 

(3.) Igasurine. 

(4.) Strychnic or igasuric acid. 

Strychnine (CnIIaN,0,) is contained in the bean of S. ignatitis, in 
the bark {false anguatura bark) and seeds of the Strychnos nux vomica, 
in the Strychnos colubrina, L., in the Strychnos tieniS, Lesoh, and proba- 
bly in various other plants of the same genus. 

Commercial strychnine is met with either in colourless crystals or as 
a white powder, the most usual form being that of the alkaloid itself ; 
but the nitrate, sulphate, and acetate are also sold to a small extent. 

The microscopical appearance of strychnine, as thrown down by the 
solution or vapour of ammonia, may be referred to three leading forms 
— ^the long rectangular prism, the short hexagonal prism, or the regular 
octahedron. If obtained from the slow evaporation of an alcoholic solu- 
tion, it is usually in the form of four-sided pyramids or long prisms ; but 
if obtained by speedy evaporation or rapid cooling, it appears as a white 
granular powder. If obtained from a benzene solution, the deposit is 
usually crystalline, but without a constant form, though at times the 
crystals are extremely distinct, the short six-sided prism prevailing ; but 
triangular plates, dodecahedral, rhomboidal, and pentagonal, may also be 
met with. An ethereal solution on evaporation assumes dendritic forms, 
but may contain octahedra and four-sided prisms. A chloroform solu- 
tion deposits rosettes, veined leaves, stellate dotted needles, circles with 
broken radii, and branched and reticulated forms of great delicacy and 
heaxit J (Ouy). 

Strychnine is very insoluble in water, although readily dissolved by 
acidulated water. According to Wormley's repeated experiments, one 
part of strychnine dissolves in 8,333 parts of cold water : and, according 
to Pelletier and Cahor, it dissolves in 6,667 parts of cold, and 2,500 parts 
of boiling, water. It may be convenient, then, to remember that a gallon 
of cold water would hardly dissolve more than 10 grains ('142 grm. per 
Ktre) ; the same amount, if boiling, about 30 grains ('426 grm. per litre) 
of strychnine. The solubility of one part of strychnine in other men- 
strua is as follows : — Cold alcohol, 0*833 specific gravity, 120, boiling, 
10 parts (Wittstein); cold alcohol, 0*936 specific gravity, 240 parts 
(Merck) ; cold alcohol, 0*815 specific gravity, 107 parts (Dragendorff) ; 
amyl alcohol, 181 parts ; benzene, 164; chloroform, 6*9 (Schhmpert), 5 
(Pettenkofer). Creasote and essential and fixed oils also dissolve strych- 
nine. 
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Of all the above solveuts, it is evident that chloroform ia the best ft 
purposes of se])aratiou, aad next to chloroforiUj bunzeue. 

If a speck of strychiiiue be placed in thy subliming cell, it will I 
found to sublime usually in a crystalliue form at 1611°. A uomi 
at this temperature, according to the writer's own observatioiis, is minat 
needle's disposed tu lines ; but, as Dr. Guy has remarked, the eabliu 
may consist of drops, of waving patterns, and various other forme ; a] 
further, while the sublimatea of morphia are made up of curved I 
those of strychnine consist of lines cither straight or slightly curved, wit 
parallel feathery lines at right angles. Ou continuing the heat, airvoi 
nine melts at about 221°, and the lower disc, if removed and examiti 
is foiiud to have a resinous residue ; but it still continues to yield s 
limates until reduced to a spot of carbon. 

Strychnine ia so powerfully bitter, that one part dissolved in TO.OOl 
of water is distinctly perceptible ; it isa strong base, with a marked alka 
line reaction, neutralising the strongest acids fully, and precipitating 
many metallic osides from their combinations, often with the formatioii 
of double salts. Most of the salts of strychnine are crystalline, and a 
extremely bitter. Strychnine, in the presence of oxygen, combines with 
SH, to form a beautiful crystalline compound : — 

2C„H„N,0,+GH,S+0,— {aC^H„N,0,+3HA)+3H,0. 

On treatment with an acid this compound yields H,S, (Schmidt: Btr, 
Deutsch Ohrni. Ges., 8, 12li7). 

An alcohol solution of strychnine turns the plane of polarisation H 
the left, [a] r-= -132-08° to 136-78° (Boucliardat) ; but acid solutioM 
show a much smaller rotatory power. 

The salts used in medicine are — the sulphate, officinal only iu tfa^ 
French pharmacopcEia ; the nitrate, officinal in the O-erman, AnstriaSj 
Swiss, Norse, and Dutch pharmacopceias ; and the acetate, well kiiownb 
commerce, but not officinal. 

The commercial Sulphate {C„H„N,0,HpS0,+2H,0) is an acid s 
crystallising in needles which lose water at 150°, the neutral sulphiA 
(aCnHnN.O,, H,S0i4-'?IIj0) crystallises in four-sided, orthorhomla 
prisms, and is soluble in about 50 parts of cold water. 

The Nitrate (CmH„N,0„ HSO,) crystallises on evaporation from i 
warm solution of the alkaloid iu dilute nitric acid, in ailky needlM 
mostly collected in groups. The solubility of this salt is considenblf 
o'le part dissolving in 50 of cold, in 2 of boiling, water ; ita solubility I 
boiling and cold alcohol is almost the 8ame, taking 60 of the former H 
2 of the latter. 
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The Acetate crystallisea in tutts of needles ; us stated, it is not offici- 
nal in any of the European pharmuoopteiaB. 

The chief precipitates or apari ugly-soluble crystalline- compounds of 
Bttychnine are — 

(1.) The Chromate of Strychnine (CnHaN.OjCrHO,), formed by 

adding a neutral aolutiou of chromate of potash to a solution of strych- 

- 'ne salt, crystallises out of hot water in beautiful, very insoluble, orange- 

(llow needles, mixed with plates of various size and thickness. The 

is of great practical use to the analyst ; for by its aid strychnine may 

separated from a variety of substances, including brucine— the colour 

\i6»t» being either applied direct to the strychnine chromate, or the chro- 

,te decomposed by ammonia, and the strychnine recovered from the 

iline liquid by chloroform. 

I.) Sulphocyanide of Slryehnhte (C„nBN,0,CN"HS) is a thick, 
rliite precipitate, produced by the addition of a solution of potassic enl- 
fhocyanide to that of a strychnine salt ; on warming it dissolves, hut on 
iling reappears in the form of long silky needles. 

(3.) Double Sails. — The platinum compound obtained by adding ft 
Bolution of platiuic chloride to one of strychnine chloride has the com- 
position Ct|HnN,0,lIC'lPtClj, and crystallises out of weak boiling alcohol 
(in which it is somewhat soluble) in gold-like scales. The similar palla- 
dium compound (C„HaN",0,HCl, PdCl) is in dark brown needles, and 
the gold compound (CnHaN,0,HClAuClj) in orangcrcoloured needles. 

(4.) Slrychniiie Trichloride. — The action of chlorine on strychnine 
— ^by which chlorine is substituted for a portion of the hydrogen — hits 
heen proposed as a test. The alkaloid is dissolved in very dilute IICl, so 
aa to lie only just acid ; on now passing through chlorine gas, a white in- 
soluble precipitate is formed, which may be recry stall ised from ether ; it 
has probably the composition C„HuCl,N,Ofc and is eitremely insoluble in 
water. 

(5.) The Iodide of Strychnine (C,iHaK,0,HI,) is obtained by the ac- 
tion of iodine solution on strychnine sulphate ; on solution of the pre- 
cipitate in alcoliol, and evaporation, it forms violet -coloured crystals, 
very similar to those of potassic permanganate. 

Phannacentical and other Preparations of Nux Vomica and Sfryrh- 
nine, with Suggestions for their Valuation. 

An aqueous extract of iiux vomica, officinal in the German pharma- 
copceia, appears to contain principally brucine, with a small percentage 
of strychnine ; the proportion of brucine to strychnine being about four- 
fifths to one^fifth. Blossfield found in a sample 4-3 per cent, of total 
slkaloid, and two samples examined hy Grandmann consisted (No. 1) of 
Btrychnine, 0'6 per cent., brucine, 2-58 per cent.; total, 3-18 per cent. ; 

2) Btrychnine, 0-68 per cent., brucine, 2-G2 per cent.— total, 3-3 per 
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cent, A sample examined by Dragendorfl yielded, stiycbtdne, 0-8 per 
cent., bnicine, 3'3 per cent. — total, i per cent. The masjmum medici- 
nal dose is put at '6 grme. (9^ grains). 

TJie spirituous extract of nux vaviica, officinal in the British and all 
the Continental pharmacopceiaa, difEera from the aqueous in containing 
a much larger proportion of alkaloids, the total percentage varying from 
7 to 8'6 per cent., and about half the total quantity being Btrychniue. 
The raasimum medicinal doae la put at -15 grra. {^iZ grains). 

There is also an extract of St. Ignatius bean, which is used in th» 
United States, and ia more active than the extract of nux vomica, sinoft 
nearly the whole of its alkaloid may be referred to strychnine. 

The tincture of nux vomica varies somewhat in strength. Liethi 
found in one sample 0'122 percent, of strychnine and 0"09 percent, bro- 
cine ; and two samples examined by Wiasel consisted respectively of 0'353 
per cent., and 0*346 per cent., of total alkaloids. DragendorS found is 
two eamples •2624 per cent, and "344 per cent- of total alkaloids, abonb 
half of whicli waa Btryehnine. 

Analysis. — Either of the extracts may be treated for a few boms on 
the water-batli, with water acidulated by sulphuric acid, filtered, th« 
residue well washed, the acid liquid shaken up with benzene to separatfr 
impurities, and, on removal of the benzene, alkaliaed with ammonia, and. 
shaken up two or three times with chloroform ; the chloroform ia thea. 
evaporated in a tared vessel, and the total alkaloids weighed. Strych- 
nine, as before stated, may be separated from bmcine by disBolving tl 
latter out with absolute alcohol. The tincture ia analysed on preciaelf 
rimilar principles, the spirit being got rid of by distillation, and the rm* 
due treated by acidified water, &c. 

The nux vomica powder itself may be valued as follows : — 15 to S 
grms., pulverised as finely as possible, are treated three times with 150 to 
300 cc. of water, acidified with sulphuric acid, well boiled, and, after 
each boiling, filtered and thoroughly pressed. The last exhaustion muit 
he destitute of all bitter taste. The united filtrates are then evaporated 
to the consistence of a thick syrup, which is treated with sufficient burnt 
magnesia to neutralise the acid. The extract is now thoroughly exhaust- 
ed with boiling alcohol of 90 per cent. ; the alcoholic extract, in its turn; 
is evaporated nearly to dryness, and treated with acidulated water ; tha 
acid solution is freed from impurities by shaking up with benzene, auct 
lastly alkaliaed with ammonia, and the alkaloids extracted by shaking np- 
with successive portions of chloroform. The ehloroformic extract e^oali 
the total alkaloids, which may be separated in the usual way. 

In four Samples of nux vomica examined by Dragendorflf, the total; 
alkaloids ranged from 2-33 to 2-42 per cent. Grate found in two sam. 
pies a-SS per cent, and 2-86 per cent, respectively ; while Karing t 
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<nie sample separated r65 per cent. The strychnine and bracine are in 
about eqnal proportions, Dragendorff* finding 1-1S7 per cent, strychnine 
and 1"145 per cent, brucine.f 

The vermin-killers in use in this country are— Millers rat powder, 
utile's vermin-killer, and Butler's vermin- killer. 

Miller's rat-powder consists of 1 oz. of nux vomica and 1 lb of oat- 
meal — t.c, about 5'3 percent, of nui vomica. Since the average amount 
in nux vomica, atrycbniue, and bnicine is 1-28 per cent, of each, the 
probability is that this powder contains "068 per cent, of strychnine and 
the same quantity of bruoine. 

Battle's vermin-killer (according to an analysis by Tardieu) contains 
the following in each packet : — 



Strychnine, 0-10 

Potato Starch, 1-00 

Prussian Blue, 0'20 

1-30 



grms. 



In other words, each packet weighs 19 grains (or nearly a scruple) and 
contains 1J4 grams of strjcbnine, or about 7'7 per cent. 

Butler's vermin-kdler is a mixture of flour, soot, andatrj-chnine, but 
Bometimes Prussian blue is substituted for soot. It is sold in threepenny 
and sixpenny packets. The latter Taylor found to weigh a drachm (3'8 
grms.), and to contain from 2 to 3 grains (-13 to ■19 grms.) of strych- 
nine ; the threepenny packet about half this quantity. 

The amount of strychnine and brucine in Miller's rat-powder is val- 
ned exactly as in the case of nus vomica powder. 

Battle's or Butler's vermin-powder merely requires exhanetion by 
tnzene or chloroform ; if not pure, purification is easy on well-known 
inciples, 

Statislics. — In England, during the five years 1875-80, out of 1,581 
total deaths from poison, strychnine and nus vomica account for 79. To 
iihese deaths an uncertain number, returned under the term " vermin- 

" Dragendorff. Die. Chemiitche Werthbeatimmujtg einigfr Btarkwirhmden IHo- 
8l. Petersburg. 1874. 

tTlieBe details are very neceasary, as bearing on the question of the fatal 
doee of nux vomica, which Taylor tella us (Mtd. Junapnid., i. 409) was of some 
importance in Rrg. v. Wfn, in which 47 graiuB were attempted to be given in 
milk. The fatal dose of nux vomica muHt be ruled by its alkaloidal content, 
vhich may be so low as 1 per cent, , and no high as nearly 3 per cent. 30 grniua 
have proved fatal (rayJor); if the powder in this instance was of the onlinary 
strength, the person died from less than a grain ('064S grm.) of the united alka- 
loids. 
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killer," must be added ; from this cause were registered 132. " Vermiib- 
killer " mnj be presumed to include not only strj-chnine mixtures, but 
also pliosphorous and arsenic pastes aud powders, so that there are na 
means of fiBcertaining the number of stryohuine cases comprised under 
this heading. Taking the deatlis actually registered as due to strych- 
nine or nux vomica, they are about o per cent, of the deaths from all 
sorts of poison. Of these 7!l deaths, 67, or less than 63-b per 06iit., 
were suicidal, 3 were homicidal, and 10 only were aix-idental. The 
sexes were nearly equally divided, 4U being males, and S9 females ; with 
regard to age, 4 were under fifteen years of age, 39 between fifteen and 
thirty-five, the remainder from aliove thirty-five up to sixty-five. 

Schauenstein has collected from literature 130 cases of poisoning by 
strychnine, but most of these occurred during the lust twenty-five years; 
62 of the 130, or about one-half, were fatal, and 15 were homicidal. It . 
has been stated that strychnine is bo very unsuitable for the purpose of 
criminal poisoning as to render it unlikely to be often used. Fact^ 
however, do not bear out this view ; for allowing its intensely bitter 
taste, yet it must be remembered that bitter liquids, such as bitter ale, 
are in daily use. and a person accustomed to drink any hquid rapidly 
might readily imbibe sufficient of a toxic liquid to produce death before 
he was warued by its bitterness. It is, indeed, capable of demonstra- 
tion, that taste is more vivid afier a substauco has been taken than just 
in the act of swallowing, for the function of taste is not a rapid process 
and requires a very appreciable interval of time. 

Fatal Dose. — In a research, which may for its painstaking accnracy 
be called classical, F. A. Falck has thrown much light upon the mini- 
mum lethal dose of strychnine for various animals. It would seem that, 
in relation to its size, the frog is by uo means so sensible to strychnine as 
was believed, and that animals such as cats and rabbits take a smaller 
dose in proportion to their body-weight. The metJiod used fay Falck 
was to inject aubcutaneoualy a solution of known strength of strychnine 
nitrate, and. beginning at first with a known lethal dose, a second fti- 
periment was then made with a smaller dose, and if that proved fatal, 
with a still smaller, and so on, until such a quantity was arrived at, that J 
the chances aa determined by direct obser^'ation were as great of recovery 1 
as of death, Oiwniting in this way, and making no less than 20 experimen^J 
on the rabbit, he found that the least fatal dose for that anims 
mgrra. of strychnine nitrate per kilogramme. Cats were a little less sha-I 
ccptible, taking -76 mgrm. Operating on fowls, ho found that strych+r 
nine taken into the crop in the usual way was very uncertain : .50 mgnnBll 
per kilo, taken with the food had no effect, but results always followed if 
the poison was introduced into the circulation by the suhcutnneons needier 



— rhe letha! doee for fowls being under these circumBt&ncea 1 to 2 mgrmB. 
per kilo. He made 35 esperiments on frogs, and found that to kill a 
frog by strychnine nitrate, at leiiat 2 nigrms, per kilo, must be injected, 
Mice take a little reiore, from 2*3 to 2 "4 mgrma. per kilo. In two oiperi- 
ments on the ring adder, in one 62-5 mgrms. per kilo, of strychnine ni- 
trate, injected subcutaneoualy, caused death in seven houra ; in the 
second, 23'1 mgrms. per kilo, caused death in five days ; hence the last 
quiintity is probably about the least fatal dose for this particular snake. 

These observations may be conveniently thrown into the following 
Table (see next page), placing the animals in order according to their 
relative sensitiveness."* 

Now, the important question arises, as to the place in this series 
occupied by man— a question difficult to solve, because so few cases are 
recorded in which strychnine haa been administered by subcutaneous 
injection with fatal result. Eulenberg has observed poisonous symptoms, 
but not death, produced by 6 mgrms. {^ grain) and by. 10 mgrma. 
(about one-sixth grain). Bois observed poisonous symptoms from the 
similar subcutimeons administration of 8 mgrms. to a child six years old, 
and 4 mgrms. to another child fonr years old — the latter dose, in a case 
recorded by Christison, actually killing a child of three years of age. On 
the other hand, the smallest lethal dose taken by an adult was swallowed 
in solution. Dr. Waruer took 32 mgrma. (J4 grain) of strychnine sul- 
phate, mistaking it for morphine sulphate, and died in twenty minutes. 
In other cases 48 mgrms. {— graiu) have been fatid. It iiill be safe to 
conclnde that these doses by the stomach would have acted still more 
snrely and energetically if injected subcutaneously. The case of Warner 
is exceptional, for he was in weak health ; and if calculated out ac- 
cording to l>ody-weight, presuming that Dr. Warner weighed G8 kilos., 
the relative dose as strychnine nitrate wonld be '34 per* kilo. — a smaller 
dOBO than for any animal Jiitherto esperimented upon. There is, how- 
ever, far more reason for believing that the degree of senaitiveness in 
man is abont the same us that of cats or dogs, and that the least fatal 
dose for man ia -70 per kilo,, the facta on record fiiirly bearing out this 
view. It is, therefore, probable that death wonld follow if 48 mgrms, 
(b g™i°) Wei's injected subcutaneously into a man of the average weight 
of 68 kilos. (150 lbs.) Taylor estimates the fatal dose of strychnine for 

• According to Chriaiiann'g reaearchea, -03 grm. (about [^ grain) ia fatal to 
flwine; -(18 grm. (>i grain) to beara, if injected into tlie pleura. I to 8 grains 
l'(K}4t( to ■1944 gnn.) is given to horeea in cases of paralysis, although 3 grains 
cannot but be considered a dangerous dose, unless smaller dosea have b^pu pre- 
viously adniinist«red without effect; 10 grains would probably kill a horse, and 
15 grains ( '072 grra.) have certainly done so. 



k 



296 



POISONS: THEIB EFFECTS A2fl) DETECTION. 



TABLE XII.— ACTION OF STRYCHNINE ON ANIMALS. 



■ 






Antmftl. 


• 
Maimer of Application 


Beckoned on 1 Kilo, of 
Body-weli^t. 


Lowest 

Experimental 

Lethal I>ofle. 


Higfaeit 
Experimental 
Lethal Doee. 


Dose of Strychnine Nitrate in 
Mgrms. 


Rabbit, 


Subcutaneous. 


0-50 


0-60 


Cat. . . . 


«< 


. . 


0-75 


Dog, . . . 


(« 


. . 


0-75 

^ 1 


• • • • 


r Taken by the Stomach. 


2-0 


8*90 




* * ■ • 


< Rectum. 


. . 


200 


» 


• • • • 


[ Bladder. 


6-50 


• • . 




Fox. . . . 


Subcutaneous. 


• • 


1-00 


Hedgehog. . 


«« 


1-00 


200 


Fowl, . . . 


«« 


. . 


2-00 


Frog. . . . 


« 


200 


2-10 


Mouse, . . 


(• 


2*86 


2-36 


Ring Adder. 


<< 


. * 


28-10 



adults as from 32*4 to 129*6 mgrms. ('5 to 2 grains) ; Guy puts the 
minimum at 10*2 mgrms. ('X^^ grains.) 

Large doses of strychnine may be recovered from if correct medical 
treatment is sufficiently prompt. Witness the remarkable instances on 
record of duplex poisonings, in which the would-be suicide has unwit- 
tingly defeated his object by taking strychnine simultaneously with some 
narcotic, such as opium or chloral. In a case related by Schauensteiu* 
a suicidal pharmacist took -48 grnu or '6 grm. (7*4 to 9*25 grains of 
strychnine nitrate dissolved in about 30 cc. of bitter almond water, and 
then, after half an hour, since no symptoms were experienced, '6 grm.{9'2o 
grains) of morphine acetate, which he likewise dissolved in bitter-al- 
mond water and swallowed. After about ten minutes, he still could 
walk witli uncertain steps, and poured some chloroform on the pillow- 
case of his bed, and lav on his face in order to breathe it. In a short 



* Maschka's Handbxich, from Tschepke : Deutsche Klinik, 1861. 



time he loat consciouBiieae, but ugain awoke, and lay in a half-dreamy 
state, incapable of motion, uutit some one entered the room, and hear- 
ing liim murmur, came to his bedside. At that moment — two and a 
quarter hours after first taking the strychnine — the pharmacist had a 
fearful convulsion, the breathing was suspended, and he lost conBciouB- 
ness. Again coming to himself, he had several convulsions, and a phy- 
eician who waa summoned found him in general tetanus. There were 
first clouic, then tonic convulsions, and finally opisthotonus was fully 
developed. The treatment consisted of emetics, and afterwards tannin 
and codein wore given separately. The patient slept at short intervals ; 
in ten hours after the taking of the poison the seizures were fewer in 
number and weaker in character, and by the third day recovery was 
complete. Dr. Macredy * has also placed on record an interesting case, 
in which the symptoms, from a not very large dose of strychnine, were 
delayed by laudanum for eight hours. A young woman, twenty-three 
years of age, pregnant, took at 10 a.m. a quantity of strychnine estima- 
ted at 1'5 grain, in the form of Battle's verm in -killer, and immediately 
afterwards 3 ounces of laudanum. She was seen by Dr. Macredy in 
four hours, and was then suffering from pronounced narcotic symptoms. 
A sulphate of zinc emetic was administered. In eight hours after tak- 
ing the strychnine, there were first observed some clonic convulsive 
movements of the hands, and. in a less degree, the legs. These convul- 
sions continued, at times severe, for several hours, and were treated with 
chloral. Recovery was speedy and complete. 

In a similar case related by Dr. Harrison, f a man, aged 54, took a 
packet of Battle's vermin-killer, mixed with about a drachm and a half 
of laudanum and some rum. At the time he bad eaten no food for days, 
and had been drinking freely ; yet fifty minutes elapsed before the usual 
symptoms set in, and no medical treatment was obtained until four hours 
after taking the doae. He waa then given chloral and other remedies, 
and made a rapid recovery. 

Action on Animah. — Tho action of strychnine has been esperimeut- 
ally studied on all classes of animals, from the infusoria upwards. The 
effects produced on animal forms which possess a nervous system are 
strikingly alike, and even in the cephalapodo, tetanic muscular spasm 
maybe readily observed. Of all animals the frog shows the action of 
strychnine in its purest form, especially if a dose lie given of just suflS- 
cient magnitude to produce toxic effects. Tho frog sits perfectly still 
and quiet, unless acted upon by some external stimuli, ench as a breath 
of air, a loud noise, or the shaking of the vessel which contains it, then 
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-f Lancel. May IS, 1883 
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au immediate tetanic convulsion of all tlie muscles la witneaaed, lasting a 
few seconds only, when the animal again refiumea its former posture. 
Tliis lieightened state of reflex action has its analogue in liydrophobia ib 
well as in idiopathic teunue. If the Crog thus poidoucd by u weak dose 
is put under a glass shade, kept moist, and sheltered from sound or from 
other sources of irritation, no convulsiunu occur, and after some days it 
is in its usual health. If, on the other hand, by frequent stimuli, c«n- 
nilsions are excited, the animal dies. M. Richet* has lately cuniributed 
a valuable memoir to the Academy of Sciences on the toxic action of 
strychnine. lie has coulirmed the statement of previous observers ihatj 
with ai-tificial respiration, much larger doses of strychnine may Ijc Uikt'ii 
without fatal result then under normal conditions, and has also recorded 
some peculiar phenomena. Oiwrating on doga and rabbit*, after fir« 
securing a canula in the trachea, and then injecting beneath the ekin or 
into the saphena vein 10 mgrms. of strychnine hydrochl orate, the ani- 
mal is immediately, or within a few seconds, seized with tetaiiio convnl- 
sions, and this attack would bo mortal, were it not for artificial respiiar 
tion. Directly this is practised the attack ceases, and the heart, after % 
period of hurried and spasmodic beats, takes again its regular rhythm. 
Stronger-and stronger doses may then be injected without causing deatlu. 
Aa the dose is thus augmented, the symptoms differ, M. Richet diatia- 
guishes the following periods : — (1) A period of tetanus. (2) A period 
of convulsion, characterised by spasmodic and incessant contraction of 
all the muscles, (3) A little later, when the quantity exceeds 10 
mgrms, per kilo., a choreic period, which is characterised by violent 
rythmic shocks, very sudden and short, repeated at intci^'als of about 
three to four seconds ; during these intervals there is almost complete re- 
laxation. (4) A period of relaxation ; this period is attained when the 
dose exceeds 40 mgrms. per kilo. Reflex action is annihilated, the spaa- 
taneous respiratory movements cease, the Uoait beats tumultnonaly ani 
regularly in the severe tetanic convulsions at first, and then contracbt 
with frequency but with regularity. The pupils, widely dilated at firat, 
become much contracted. The arterial pressure, enormously raised ai 
the commencement, diminishes gradually, iu one case from 0'34 mm. 
0-05 mm. The temperature undergoes analagoua changes, and durii 
the convulsions ia extraordinarily elevated ; it may even attain 4:l°or4;S 
to sink in the period of relaxation to 36°. Dogs and rabbits which hai 
thus received enormous quantities of strychnine (e. ff., 50 mgrms. 
kilo.) may, in this way, live for several hours, bnt the slightest inter 

" De FAetion de la Strychjiine d Ws forte lioae utr leu Mammrferrs. Compttt % 
Send,t. xcl., p. 181. 
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ifioial respiration, in the relaxed state, is followed by syii- 
Roope and death. 

Effects on Mait : Symptoms. — The commencement of aymptoma may 
be extremely rapid, the rapidity being mainly dependent on the forin of 
the poison and the manner of application. A soluble salt of strychnine 
injected aubcutaneously will act within a few seconds* ; in a case of 
amaurosis, related by Scbuler,t 5*4 mgrms. of a soluble strychnine salt 
were introduced into the Pundum lachrt/mate ; — in less than four min- 
utes there were violent tetanic convulsions. In a case related by Barker, 
the symptoms commenced in three minutes Irom a dose of -37 grm. 
{571 grains). Hero tlie poison was liot administered subcutaneously. 
Such short periods, to a witness whose mind was occupied during the 
time, might seem immediate. On the other hand, when nux vomica 
powder has been taken, and when strychnine hua been given in the form 
of pill, no such rapid course has been observed, or is likely to oocur, the 
usual course being for the symptums to commence within half an hour. 
It is, however, also possible for them to be delayed from one to two houra, 
and under certain circumstances (as in the case related by Macredy) for 
eight hours. In a few cases, there is first a feeling of uneasiness and 
heightened sensibility to external stimuli, a strange feeling in the mus- 
cles of the jaw, and ii catching of the respiration ; but generally the on- 
set of the symptoms is ua sudden as epdepsy, and previous to their ap- 
pearance the person may be pursuing his ordinary vocation, when, with- 
out preliminary warning, there is a shuddering of the whole frame, and 
a convulsive seizure. The convulsions take the form of violent general 
tetanus ; the limbs are stretched out involuntarily, the hands are clenched, 
the soles of the feet incurved, and, in the height of the paroxysm, the 
back may be arched and rigid as a board, the sufferer resting on head 
and heela, and the abdomen tense. In the grasp of the thoracic muscles 
the walls of the chest are set immovable, and from the impending suffo- 
cation the face becomes congested, the eves prominent and staring. The 
muscles of the lower jaw — in "disease tetanus" the first to be affected — 
are in "strychnoB tetanus," as a rule, the last ; a distinction, if it were 
more constant, of great clinical value. The convulsions and remissions 
recur until death or recovery, and, as a rule, within two hours from the 
commencement of the symptoms the case in some way or other termin- 
ates. The number of the tetanic seizures noted has varied — in a few 
cases the third spasm has passed into death, in others there have been a 
great number. The duration of the spasm is also very different, and 

t" In one of M. Ricfaet'a experiments, a soluble strychnine salt injected into a 
d(% aubcutaneously acted in fourteen seconds. 
tQuoted by Taylor from Med. Times atid Omette, July, 3861. 
L 
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Taries from thirty aeconda to five or even eight miautes, the inteiral b 
tween lasting from fortj-fivo seconde* to one or even one and a I 
hours, f 

Diagnosis of Strychnine Poisoning. — However striking and well da- ~\ 
fined the picture of strychuine tetanus miiy be, mistakeB in diagnosia are '■ 
rather frequent, especially when a medical man is hastily summoned, i 
has never seen a case of similar poisoning, and has no suspicion ofthes 
possible nature of the seizure. If a young woman, for instance, U thai 
eubject, he may put it down to hysteria, and certainly hysteria not im-^ 
frequently affects somewhat similar convulsions. In a painful case in 
which the author was engaged, a young womnn either took or was given 
(for the mystery was never cleared up fully) a fatal dose of Btrychnine, 
and though the symptoms were well marked, the medical attendant was 
so possessed with the view that the case was due to hysteria, that, even 
after making the j-wsf-fnoriCTn esamination, and finding no adequate lesion 
he theorised as to the possibility of some fatal hysteric spasm of the glot- 
tis, while there was ample chemical evidence of strychnine, and a weigh- 
able quantity of the alkaloid was actually separated from the contenls of 
the stomach. Such cases are particularly sad, for we now know that, 
with judicious treatment, a rather large dose may be recovered from. 

If the case is a male, a confusion with epilepsy ia possible, though 
hardly to be explained or excused ; while in both sexes idiopathic 
tetanus is ao extremely similar as to give rise to the idea that all esses 
of idiopathic tetanus are produced by poison, perhaps secreted by the 
body itself. As for the distinction between idiopathic and atrychnic 
tetanus, it is usually laid down (1) that the intervals in the former are 
characterised by no relaxation of the muscles, but that they continue 
contracted and hard ; and (2) that there is a notable rise of temperature 
in disease tetanus proper, and not in strychnine tetanus. Both state- 
ments are misleading, and the latter is not true, for in strychnic poison- 
ing the relaKation is not constant and very high temperatures in animals 
have been observed. 

Fhysiolorjicai Action.— 'YYiC tetanic convulsions are essentially re- 
flex, and to be ascribed to a central origin ; the norma! reflex senaibtli^ J 
is exaggerated and unnaturally extended. If the isohiatic plen 
supplying the one leg of an animal is cut through, that leg taicos n 
part in the general convulsions, but if the artery of the leg alone is tied 
then the leg suffers from the mnscular spasm, as well as tlie limbs ii 
which the circulation is unrestrained. In an experiment by Dr. W. 
Richardson, a healthy dog was killed, and, as soon as practicable, i 

* White. BHt. Med. Joum.. 1867. 
I Folkes, Mfd. Timta, 1869, 





STHTCnNINE. 301 

•olntion of Btrychnine waa ejected through the systemic Teasels by the 
aorta — the whole body became at ouce stiff and rigid iis u board. These 
facts point unmistakably to the spjual marrow tis the seat of the toxlu 
inflnenoe. Strychnine is, par ttxctllence, a spinal poison. On physio- 
logical grounds, the gray substance of the cord is considered to have an 
inhibitory action ui>on reflex sensibility, and this inhibitory power is 
paralysed by strychnine. 

Mnch light has been thrown upon the cause of death by Richet'a 
experiments.* It would seem that, iu some cases, death takes plnc-c by 
a snSocation as complete as in drowning, the chest and diaphragm 
being immovable, and the nervous respiratory centres exhausted. In 
such a case, immediate death would be averted by a tracheal tube, by 
the aid of which artificial respiration might be carried on ; but there is 
another asphyxia due to the enormous interstitial combustion carried on 
by muscles violently tetanised. "If," says Richet, "after having in- 
jected into a dog a mortal dose of strychnine, and employed artificial 
respiration according to the classic method twenty or thirty times a 
minute, the animal dies (sometimes at the end of ten minutes and ill 
every case at the end of an hour or two), and during life the arterial 
blood is examined, it will be ascertained that it is black, absolutely like 
Tenous blood." 

This view is also supported by the considerable rise of temperature 
noticed : the blood is escesaively poor in osygen, and loaded with carbon 
I dioxide. That this state of the blood is prodnced by tetanus, is proved 
by the fact that an animal ]>oisoned by strychnine, and then injected 
Bubcutaneously with curare iu quantity just sufficient to paralyse the 
muscular system, does not exhibit this phenomena. By the aid of urti- 
Scial respiration, together with the administration of curare, an animal 
may live after a prodigious dose of strychnine. 

Meyer f has investigated carefully the action of strychnine on the 
blood -presau re— -through a strong excitement of the vaso-motor centre, 
, the arteries are narrowed in calibre, and the blood-pressure much in- 
ereased ; the action of the heart in frogs is slowed, but in the warm- 
blooded quickened. 

Post-morimi Appearances. — There is but little characteristic in the 
' post-mortem appearances from strychnine poisoning. The body becomes 
very stiff a short time after death, and this rigidity remains generally a 
long time. In the notorious Palmer case, the body was rigid two months 
after death, but, on the other hand, the rigor morlia has been known to 
disappear within twenty-four hours. If the convulsions have been vio- 

*0p. ctt. 

t Wiener Akad. Siteungsber., 1871. 
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lent, there may be minate hferaorrhages in the hrain and other parts. I < 
have seen considerable hemorrhage in the trachea from this caase. 
When death occurs from OBphysia, the ordinary signs of asphyxia will 
be found in the luugSj &c. The heart, mostly has its right side gorged 
with blood, but in a few cases it is empty and contracted. 

In a case which Schauenatein has recorded * he found Btrychnina 
still undissolved, coating the stomach as a white powder ; but this is 
very unusual, and I believe unique. The bladder often contains 
urine, which, it need scarcely be said, should be preserved for chemical 
investigation. 

Treatment, — From the cases detailed, and from the esperiments on 
animals, the direction which treatment should take is very clear. As* 
matter of course, if there is the slightest probability of any of the poison' 
remaining in the stomach, it should be removed either by emetics, or, 
better, by the atomaeh-pump. Large and frequent doses of chloral* 
should be administered in order to lessen tho frequency of couynlaioDO, 
or prevent their occurrence, and it may be necessary in a few cases, where 
death threatens by suffocation, to perform tracheotomy, and to use arti- 
ficial respiration. Where chloral or chloroform is not at hand, and in 
cases of emergency, where this may easily happen, the medical man mast 
administer in full doses the nearest narcotic at haud.f 

Separation of Strychnine from Organic Mutters. — The separationot 
strychnine from organic matters, Ac, is undertaken strictly on the gen- I 
eral principles already detailed. It may happen, however, that in c 
of poisoning there is the strongest evidence from symptoms in the person 3 
or animal that strychnine alone is to be sought for. In an instance of I 
the kind, if a complex organic liquid (such as the contents of the stom- I 
ach) is under examination, it is best to remove the solid substances bj J 
filtration through glass, wool, or linen, and evaporate nearly to drynea^ 
over the water-bath, acidifj-ing with acetic acid, and then exhausting the J 
residue repeatedly with boiling alcohol of 80 per cent. The alcohol ex- ( 
tract is in its turn evaporated to dryness, and taken up with water ; the 1 
aqueous solution is passed through a wet filter, and then shaken np with i 
the naual succession of fluids — viz., petroleum ether, benzene, chloro 1 
form, and amyl alcohol, which will remove a great number of impurities, | 
hut will nut dissolve the strychnine from the acid solution. The amyl I 
alcohol may lastly be removed by petroleum ether : and on removal of I 



f It is certain that lutidine would be a valuable antidote for strychnine. 
Q. WiUiams found that lutidine injected into frogs already under the influence 1 
of Btryclinine, arrested the convulsions, or if given first, and then followed by » I 
fataldo9eofstrychnine.it prevented the appearance of the tetanus. (Seem 

p. S47. foot note.) 
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the final extractive (which should be done as thoroughly as poBsible) 
chloroform ia added, and the fluid is ulkalisGd by ammonia, which pre- 
cipitates the alkaloid in presence of the solvent. Should the reverse pro- 
cess be employed — that ia, ammonia added first, and then chloroform — 
tlie Htrychnine ia not so perfectly dissolved, since it has time to asstime a 
crystalline condition. On separation and evaporation of the chloroform, 
~^he rueidue (if much discoloured, and evidently impure) maybe dissoivod 
1 alcohol or benzene, and recrystallised several times; this by practice 
e done without any loss of substance. 

Should search be made for minute portions of strychnine in the ti»- 
i, considering the small amount of poison which may produce death, 
Rt is absolutely necessary to operate on a very largo quantity of material. 
It would be advisable to tuke the whole of the liver, the brain, spinal 
cord, spleen, stomach, duodenum, kidneys, and all the blood that can he 
obtained, and a considerable quantity of muscular tissue, bo as to make 
in all about one-eighth to one-tenth of the whole body ; this may be cut 
up into small pieces, and boiled in capacious flasks with alcohol, acidified 
mth acetic acid. Evaporation must be controlled by adapting to the 
■eork an upright condenser. 

Should the analyst not have apparatus of a size to undertake this at 
3 operation, it may be done in 8e]iarate portions— the filtrate from any 
'single operation being collected in a flask, and the spirit distilled off iu 
order to be used for the next. In this way, a large quantity of the organs 
and tissues can be exhausted by half a gallon of alcohol. Finally, most 
of the alcohol ia distilled off, and the remainder evaporated at a gentle 
heat in a capacious dish, the extract being treated by water, &c., aa de- 
Bcribed, It is only by working on this large scale that there is any prob- 
ability of detecting absorbed strychnine in those cases where only one or 
two grains have destroyed life, and even then it is possible to miss the 
poison. 

Strychnine may be separated from the nrine by concentrating to about 
one-third of its bulk, acidifying with sulphuric acid, and filtering ; a 
mixture of equal volumes of ether and chloroform is added, and the urine 
then alkalised by ammonia and shaken. The ether chloroform subaides 
to the bottom, and may be drawn off, and on evaporation leaves the 
strychnine present, mixed, of course, with some impurities. A more 
thorough extraction of strychnine from urine is to evaporate to syrup, al- 
kaliae by caustic potash, treat the alkaline syrup with repeated quantities 
of chloroform, separate the chloroform, and drive it off by the gentle 
heat of a water-bath. The residue is now digested for some time with 
Mjancentrated siijpluiric acid on the water-bath, again made alkaline, and 
^ustracted by chloroform. This final chloroform extract will leave the 
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alkaloid in a fairly pure atnte, and it may be converted into chromate, 
and the sulphuric acid test applied. 

Strychnine is separated by the kidneys rapidly. In a suicidal case 
recorded by Schauenstein,* death took place in an hour and a half afwr 
taking strychnine, yet from 300 ce. of the urine, Schauenstein waa able 
to separate nitrate, of strychnine in well-formed crystals. Dr. Kratter* 
haa made some Bpecial researches on the times within which strychnine 
is eJtcreted by the kidneys. In two patients, who were being treated by 
subcutaneous injection, hulf an hour after the injection of 7-5 mgrraa. of 
strychnine nitrate, the alkaloid was recognised in the urine. The strych- 
nine treatment was continued for eight to ten days, and then stopped ; 
two days after the cessation, strychnine was found in the urine, but none 
on the third day, and the inference drawn ia that the elimination is com- 
plete within forty-eight hours. 

Strychnine has been detected in the blood of dogs and cats in re- 
searches specially undertaken for that purpose, but sometimes a negative 
result has been obtained, without apparent cause. Dragendorff f g*** 
dogs the largest possible dose of strychnine daily. On the lirst few dayC 
no strychnine waa found in the urine, but later it was detected, cspeciaU 
ly if food was withheld. M'Adam was the first who detected the aln 
sorbed poison, recognising it in the muscles and urine of a poisouedl 
horse, and also in the urine of a hound. Dragendorff has found it is 
traces in the kidneys, spleen, and pancreas ; Gay, in different parta of 
the central nervous system, and in the saliva, So far as the evidenctt 
goes, the liver ia the best organ to examine for strychnine ; bnt all p 
supplied with blood, and most secretions, may contain small quantitief 
of the alkaloid. At one time it waa believed that strychnine might 1 
destroyed by putrefaction, hut the question of the decomposition of tW 
poison in putrid bodiea may be said to be settled. So far as all evidence 
goes, strychnine is an extremely stable substance, and no amount of pu- 
trescence will destroy it. M"Adam found it in a horse a month after death, 
and in a duck eight weeks after ; Nunneleyin fifteen animals forty-thresi 
daya after death, when the bodies were much decomposed ; Roger in i 
body after five weeks interment ; and lastly, Richter in putrid tissue* 
exposed for eleven years to decomposition in open vessele. 

Identification of the Alkaloid. — A residue containing Btrychuin^l 
or strychnine mixed with hrucine, is identified — 

(1.) By ita alkaline reaction and its bitter taate. No substance call 
possibly be strychnine unless it taste markedly bitter. 

• Maachka'8 Handhiich. Band 2. p. 630. 

f la an animal rapidly killed hj a aubcntaneous injection of acetate of 
atrychuine waa detected either in the blood or liver. — Dragendarff. 
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(3.) By the extremely infiohible chromateof strychnine, already de- 
scribed ,• A fluid contaiiiiug 1 : 1000 uf strychnine gives with ehroraate 
of potiifh (if allowed to stand over night) a marked precipitate, dissimi- 
lar to all others, except those of lead and baryta cbromatea, neither of 
■which can poasibly occur if any of the processes described are followed. 

(3.) If the chromate just described is treated on a porcelain plate 
with a di'op of pure strong suljibHric acid, a deep rioh blue colour, pass- 
ing through purple into red, rapidly makoa its appearance. Dr. Gny, 
neglecting intermediate colours, aptly compares the aucces8ion^(l) to 
the rich blue of the Orleans plum ; (2) to the darker purple of tbo mul- 
berry : and (3) to the bright clear red of the sweet orange. These char- 
acters — viz., alkalinity, bitterness, and the property of precipitation by 
potasaic chromate in a definite cryetalline form, the crystals giving the 
colours detailed — belong to no other substance known save strychnine, 
and for all purposes sufficiently identify the alkaloid. Other tests are as 
follows :— 

(4. ) Colours similar to (3) may also be obtained by mixing a drop of 
snlphnric acid with strychnine and a crystal, or speck of any one of the 
following substances : — Ferridcyanide of potash, permanganate of potash, 
•oxide of lead, or peroxide of manganese. 

(5.) Its behaviour in the subliming cell has been already described ; 
tests may be applied to any of the sublimates, or to the substance itself. 
Dr. Guy has proposed to treat asublimate with a drop of solution of dilute 
picric acid, -'.— In a few seconds or minutes, small, round, greenish- 
brown spots show themselves, which spread, often coalesce, and become 
the centres of delicate arborescent crystalline gronps, the elementary 
form in all of which is a large section of a small circle, a rare form, and 
one eminently characteristic. 

(G.) Letheby's galvanic colour test ;— If a minute strychnine residue, 
obtained by the evaporation of a drop of dilute solution of strychnine in 
A cnp-shapod depression in a piece of platinum foil, be treated with a 
drop of concentrated sulphnric acid, and the foil connected with the 
positive pole of a Grove or Smee's battery, on touching the acid wilh the 
negative pole a violet colour flashes out, and on removing the pole the 
tint remains. 

(7.) Sonnenschein has proposed the sesquioxide of cerium and snl- 
phnric acid as a test for strychnine ; the colours produced are a beauti- 
ful blue, passing slowly into violet, and terminating in a long-enduring 
cherry-red. 

The colour te.st8 are supposed to be employed upon the more or less 
pure substance. If, however, strychnine be mixed with no great quan- 

• 1 grm. of strychnine gnve 1 '280 grma. at the chromate, ^78*1 per cent, of 
fltrychnjne ; 8 gave 3'811 of the chromate, ^78'77 per cent, of Btiychnine. — Jtfohi: 



^foll. 

" foot. 
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tity of starch or dextrine, tarter emetic, tartaric acid, or argol, it will 
Btill rcBpoiiil. 

Bruciiie, if in large quantity, renders the testa for atryehnine uncer- 
tain ; but, aa alreiidy pointed out, the strychnine may be converted int* 
chromate, and thus aeparuted from bruciue. The pharmaceutical prepBP- 
ationa, moreover, do not contain sufficient brucine to interfere seriously 
with eolour teats. In mixture with santonin it is eiiaily detected.. 
DragendorS obtained evidence of its presence when only so araall a quan- 
tity aa -32 mgrm. was present. In mixture with quinine and cincbomu 
it can also be detected. Dragendorff was able to render evident 'OJi 
mgrm. mixed with twenty times ita weight of quin. sulphate ; the 
observer likewise recognised 'Qi mgrm. of strychnine in thirty-tbres 
timea its weight of caffeine. Veratrine is likewise not injurious. Siuee, 
morphine is used as an antidote, it might be separated with strychnine 
Reese* recoguisetiin a mixture of equal parts of strychnine and mori>hine, 
^ grm. when the proportion was 1:2; j±^ grm. when 1:3;^ grin- 
when 1:4; ^^ grm. when 1:5;^ gnu. when 1 : 10 ; —^ grm. when. 
1:20; but these alkaloids are easily separated, absolute alcohol diswlT- 
ing out the morphine, and leaving the strychnine. 

(8.) TTie PhygioUiiiic'il Test consists in administering the aubstanoa 
to some small animal {preferably to a frog), and inducing the ordinary 
tetiinic symptoms. It may be at once obsen'cd that if definite chemical 
evidence of strychnine hiia been obtained, the physiological teat is quite 
unnecessary ; and, ou the other hand, should the application of a liqai& 
or substance to a frog induce tetanus, while chemical evidence of the 
presence of strychnine was wanting, it would be hazardous to assert tlukt 
strychnine was present, seeing that caflfcine, carbolic acid, picrotoiin, 
certain of the opium alkaloids, some of the ptomaines, and many other' 
subBtances induce similar symptoms. The best method (if the test ii 
used at all) is to take two frogs, | and insert under the akin of the one th» 
needle of the aubcutaneoua syringe, previously charged witb a solution: 
of the substance, injecting a moderate quantity. The other frog is 
treated similai-ly with a very dilute solution of strj'chnine, and the two arft 
then placed under small glass shades, and the symptoms observed and com- 
pared. It is not absolutely necessary to inject the solution under the 
akin, for if applied to the surface the same effects are produced ; but, if 
accustomed to munipuhttion, the operator will find the suhcutaneous ap- 

• Phaj-m. ZeiOehr. f. fluss/onti. Jahrg., i., p. 277. 

t A very practical disadvantage of tbe physiological teat is the great dLfBC1ll^ 
ty of obtaining frogs exactly when wanted. 



plication more certain, eBpeciftlly in dealing with minnte quantities of 
tho alialoid.* 

Brvcine (CtsHaNjO,)! occurs associated with strychnine in the plants 
already mentioned ; its best source is the so-called /n/*c anguxiura bark, 
which contains but little atrychnino. Its action is similar to that of 
strychnine. If crystallised out of dilute alcohol it contains 4 atoms of 
water, easily expelled either in a vacuum over sulphuric acid or by heat. 
CrystalliBed thus, it forms transpai-ent four-aided prisms, or arborescent 
forms, like boric acid. If thrown down by ammouia from a solution 
of the acetate. It presents itself in needles or in tufts. 

The recently-crystallised alkaloid has a solubility different ftom that 
which has effloresced, the former dissolving in 32(i parts of cold, and 150 
parts of boiling water ; whilst the latter (according to Pelletier and Ca- 
ventou) requires 500 of boiling, and 850 parts of cold, water for Eolation. 
Bruoine is easily soluble in absolute, as well as in ordinary, alcohol ; 1 
part dissolves in 1*7 of chloroform, in CO'3 of benzene. Petroleum ether, 
the volatile and fatty oils and glycerine, dissolve the alkaloid slightly, amyl 
alcohol freely ; it is insoluble in anhydrous ether. The behaviour of bru 
cine in the subliming cell is described at p. 231. The alcoholic solution 
of brucine turns the piano of polarisation to the left [o]r— -11'2T°. 
The taste is bitter and acrid. Soubeiran maintains that it can be recog- 
nised if one part is dissolved in 500,000 parts of water. If nitric triox- 
ide be passed into au alcoholic solution of brucine, first brucine nitrate 
is formed ; but this passes again into solution, from which, after a time, 
A heavy, granular, blood-red precipitate separates : it consists of diuitro- 
■brucine (C'„H«(NO,),N,0,). Brucine fully neutralises acids, and forms 
Baits which arc for the most part crystalline. The neutral sulphate 
(CaHaN.OiSHiO.+aj'alljO) ia iu long needles, easily soluble in water. 
The acetate is not crystalline, that of strychnine is so (p. 291). 

The precipitants of solutions of the salts of brucine are — ammonia, 
'the caustic and carbonateil alkalies, sulphocyanide of potash, platinic 
•«hIoride, and a large number of general alkaloidal reagents. 

Physiohgiml Action. — No essential difference between the action of 
•trychnine and that of brucine on man or animals has yet been demon- 
etraled. save in a few minor points. To all intents and purposes ajieak- 
ing in a physiological sense, brucine is a diluted strychnine. The leihal- 

• Methyl atrychnhie, aa well as methyl brucine. haa been ahown by Brown 
■nd Fraaer to bave an effect exactly the oppoaila to that of Btrychniue, paralyamg 
flie muscles like curari. In the case, therefore, of themethyl corapounda, a phy- 
siological test would be very valuable, since these compounds do not respond to 
the ordinary testa. 

t Sonnensoliein baa asserted that brucine may be changed into Btrycbnine by 
the action of NO,. This statement haa been investigated by A. J. Cownley, bul 
not confirmed. — Phana. Jmtm. [3], vi., p. 841. 
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ity of brucine, especially as compared with strychnine, has been admirably 
investigated by F. A, Palck.* He experimented on eleven rabbits^ in- 
jecting subcutaneously brucine nitrate, in doses of varying magnitude, from 
100 mgrms. down to 20 mgrms. per kilogram of body-weight. He found 
that brucine presented three stages of symptoms. In thelirst the respir- 
ation IS quickened ; in three of the eleven cases a strange injection of the 
ear was noticed ; during this period the pupils may be dilated. In the 
second stage there are tetanic convulsions; trismus, opisthotonous, op- 
pressed respiration, and dilated pupils. In the third stage, the animal 
is moribund. Falck puts the minimum lethal dose for rabbits at 23 
mgrms. per kilo. Strychnine kills 3*06 times more quickly than bru- 
cine, the intensity of the action of strychnine relative to that of brucine 
being as 1 : 117 '4. Falck has also compared the minimum lethal dose 
of strychnine and brucine with the tetanising opium alkaloids, as shown 
in the following table : — 

TABLE XIII.— LETHAL DOSES OF VARIOUS TETANISING 

POISONS. 





Minimum Lethal 

Dose for every 

Kilogram Weight 

of Rabbit. 


Proportional 
Strength. 


Strychnine Nitrate, 


0-6 


1 

• •• 


Thebaine Nitrate, ...... 


14-4 


24-0 


Brucine Nitrate, . . .... 


230 


88-83 


Tiandanine Nitrate, 


29-6 


49-83 


C/odeine Nitrate 


51-2 


85-83 


Hydrocotamine Nitrate, 


203-8 


889-66 



If these views are correct, it follows that the least fatal dose for an 
adult man would be 1*84 gmi. (about 13*4 grains of brucine nitrate. 

Tests, — The best test of brucine is, in my opinion, the reaction with 
methyl iodide. If to a solution of brucine in strong alcohol a little 
methyl iodide is added, at the end of a few minutes circular rosettes of 
crystal groups appear (see fig 15) : they are composed of methyl brucine 
iodide (CcH2b(CHs)Nj|0|HI). Cr}-8tal8 identical in shape are also ob- 
tained if an alcoholic solution of iodine, or hydriodic acid with iodine is 
added to an alcoholic solution of brucine. A solution of strychnine gives 

♦ Brucin u. Strychnin ; eine Toxicologische Paralleled von Dr. F. A. Falck. 
Viertefjahrsachr. f. Oerichtl, Med., Band xxiii., p. 78. 



vjtii methyl iodide no similar reaction. Strjcbnine in alcoholic Bolution, 
mixed with bruciue, in no wny interferes with the test. The methyl 
iodide tost may be couiinned by the action of nitric acid. With that 
reagent it produces a scarlet colour, passing into blood-red, into jellow- 
red, and finally ending in yellow. This can be made something more than 
« mere colour test, for it ia poesible to obtain a crystalline body from the 
action of nitric acid on brucine. I! a little of the latter be put in a test- 
tnbe, and treated with nitric acid of 1'4 specific gravity (immersing the 
test-tube in cold water to moderate the action), the red colour is pro- 
duced. On spectroscopic examination of the blood-red liquid a broad, 
well-marked absorption baud is seen, the centre of which is very near D. 




Fig. 15. (Fi'tmta Photograph.) 



^BfW. L. 689*4]. There is also a development of nitric oxide and carbon 

' ^ozide, and the formation of moythl nitrite, oxalic acid, and kakotelin 

(C„HMN,O.-i-5NH03=C„H„N,O,+N(CH,)O,-fC,H,0,+2NO + 2H,0). 

On diluting abundantly with water, the kakoteliu separates in yellow 

Ifiocka, and may bo crystallised out of dilute hydrochloric or dilute nitric 
aoid in the form of yellow or orange-red cryatals, very insoluble in water, 
trat disBolving readily in dilute acid. On removal by dilution of the 
product just named, neutralisation with ammonia, and iiddition of a so- 
lution of chloride of calcium, the oxalate of hme is thrown down. The 
nitric acid test is, therefore, a combined test, consisting of— the produc- 
tion by the action of nitric acid, (1) of a red colour ; (3) of yellow scales 
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or crystals insoluble in water ; (3) of oxalic acid. No alkaloid save bru- 
cine is known to give this reaction. 

There are other methods of producing the colour test. If a few 
drops of nitric acid are mixed with the substance in a test-tube^ and then 
sulphuric acid cautiously added, so as to form a layer at the bottom, at 
the junction of the liquids, a red zone, passing into yeUow, is seen. 

A solution of brucine is also coloured red by chlorine gas, ammonia 
changing the colour into yellow. 

Fliickiger* has proposed as a test mercurous nitrate, in aqueous solu- 
tion with a little free nitric acid. On adding this reagent to a solution 
of brucine salt, and gently warming, a fine carmine colour is developed. 

In regard to the separation of bmcine from organic fluids or tissues, 
the process already detailed for strychnine suffices. It is of very great 
importance to ascertain whether both strychnine and brucine are pres- 
ent or not — the presence of both pointing to nux vomica or one of its 
preparations. The presence of brucine may, of course, be owing to im- 
pure strychnine ; but if found in the tissues, that solution of the ques- 
tion is improbable, the commercial strychnine of the present day being 
usually pure, or at the most containing so small a quantity of brucine as 
would hardly be separated from the tissues. 

Igasuri?ie is an alkaloid as yet but little studied ; it appears that it 
can be obtained from the boiling hot watery extract of nux vomica seeds, 
through precipitating the strychnine and brucine by lime, and evapora- 
tion of the filtrate. According to Desnoix,f it forms white crystals con- 
taining 10 per cent, of water of crystallisation. 

It is said to be poisonous, its action being similar to that of strych- 
nine and brucine, and in activity standing midway between the two. 

Strychnic Acid, — Pelletier and Caventou obtained by boiling with 
spirit small, hard, warty crystals of an organic acid, from S. ignatius, as 
well as from nux vomica seeds. The seeds were first exhausted by ether, 
the alcohol solution was filtered and evaporated, and the extract treated 
with water and magnesia, filtered, and the residue first washed with cold 
water, then with hot spirit, and boiled lastly with a considerable quan- 
tity of water. The solution thus obtained was precipitated with ace- 
tate of lead, the lead thrown out by SH,, and the solution evaporated, 
the acid crystallising out. It is a substance as yet imperfectly studied^ 
and probably identical with malic acid. 

^Arehiv./, Fharm., [8], vi., 404. 
t Joum. norm. [8], xxv., 202. 
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2. THE QUEBKACHO GKOUP OF ALKALOIDS. 

The bark of the Quebracho Blunco* {Aspidospenna quebracho) con- 
tains, according to Hesse's researches, no fewer than six alkaloids — Que- 
brachine, Aspidospermine, Aspidospermatine, Aspidosamine, and Hypo- 
quebrachine. The more important of these are Aspidospermine and Que- 
brachine. 

Aspidospermine (C^HjoNgOs) forms colourless neeedles, which melt at 
206°. They dissolve in about 6000 parts of water at 14° — 48 parts of 90 
per cent, alcohol, and 106 parts of pure ether. The alkaloid gives a fine 
magenta colour with perchloric acid. 

Quebrachi)ie (CaHa^NjO,) crystallises in colourless needles, melting 
point (with partial decomposition), 215°. The crystals are soluble in chlo- 
roform, with difficulty soluble in cold alcohol, but easily in hot. The 
alkaloid, treated with sulphuric acid and peroxide of lead, strikes a beau- 
tiful blue colour. It also gives with sulphuric acid and potassic chro- 
mate the strychnine colours. Quebrachine, dissolved in sulphuric acid 
containing iron, becomes violet-blue, passing into brown. The alkaloid, 
treated with strong sulphuric acid, becomes brown ; on adding a crystal 
of potassic nitrate, a blue colour is developed ; on now neutralising with 
caustic soda, no red coloration is perceived. Dragendorff has recently 
studied the best method of extracting these alkaloids for toxicological 
purposes. He recommends extraction of the substances with sulphuric 
acid holding water, and shaking up with solvents. ^ Aspidospermine is 
not extracted by petroleum ether or benzene from an acid watery extract,, 
but readily by chloroform or by amyl alcohol. It is also separated from 
the same solution, alkalised by ammonia, by either amyl alcohol or chlo- 
roform ; with difficulty by petroleum ether ; some is dissolved by ben- 
zene. Quebrachine may be extracted from an acid solution by chloro- 
form, but not by petroleum ether. Alkalised by ammonia it dissolves 
freely in chloroform and in amyl alcohol. Traces are taken up by petro- 
leum, somewhat more by benzene. Aspidospermine is gradually decom- 
posed in the body, but Quebrachine is more resistant, and has been 
found in the stomach, intestines, blood, and urine. The toxicological 
action of the bark ranks it with the tetanic class of poisons. In this 
country it does not seem likely to attain any importance as a poison. 

3. PEREIRINE. 

Pere%rine. — ^An alkaloid from pereira bark, gives a play of colours with sul- 
phuric acid and potassic bichromate similar to that of strychnine. FrOhde's 
reagent strikes with it a blue colour. On dissolving pereirine in dilute sulphuric 

♦See Liebig'B Ann<d., 211, 249-282; Ber. der Deutach. GeselUch., 11, 2189 ; 12, 
1560. 
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acid, ami precipitating hj gold cliloride, the precipitate is a beautiful red, which, 
oa atoiidiag and witrmiDg, is deepeoed. Pereirine maj be extracted from an acid 

solutiou by benzene. 

4. GELSEMINE. 

lielsemiuc is un alkaloid * which has been separated from Gelwmiwn 
sempervireng, the Curolinu jessamiDe, a plant haying affinitieg with 
several natural orders, and placet! by De Candolie among the loganiacta, 
by Chapman among the rubiacea, and by Decaiaiie among tlie apocy- 
nacea. It grows wild in Virginia and Florida, f Goisfmine is u strong 
base ; it is yellowish when impure, but a white amorjthous powder when 
pure. It fuses below 100" into a transparent vitreous mass, at higher 
temperatures it condenses on glass in minute drops ; its taste is ex- 
tremely bitter ; it is soluble in 25 parts of ether, in chloroform, bisol- 
phide of carbon, benzene, and in turpentine ; it is not very solnble in 
alcohol, and still less soluble in water, but it freely dissolves in aeida- 
lat«d water. The caustic alkalies precipituto it, the precipitate being 
insoluble in excess ; It is first white, but afterwards brick-red. Tannin, 
picric acid, iodised potassic iodide, platinic chloride, potassio-mercuri& 
iodide, and mercuric chloride all give precipitates, FrOhde'a reageant' 
gives with gelseminc a brown changing to green. 

Sulphuric atiid dissolves gelseminc with a reddish or brownish 
colour ; after a time it assumes a pinkish hue, and if warmed on tha 
water-bath, a more or less purple colour ; if a small crystal of potassic 
bichromate be slowly stirred in the sulphuric acid solution, reddish. 
purple streaks are produced along the path of the crystal ; eerie oxide 
exhibits this better and more promptly, so small a quantity as -OOl grain 
showing the reaction. This reaction is something like that of stryeh- 

* Dr. T. O. Wormlpy separatpd, in 1870, a non-nitrogenised remarkablf 
fluorescent body, which he named gelaemic acid lAmer. Joitrii. qf Fharn. 
ISTO). but Sonaenschein and C. RobbJUH afterwards found gelseimc acid c 
identical with Feaculin (Ber. rfer Deutsch. Ckem. Ges., 1876, 1182). Dr. Wormlej 
has. howerer, recentbr contested this, stating tliat there are differences, {Amtfn 
Journ. of Pharm. . 1882, p. 837. " Yearbook of Pharmacy," 1882. p. 109). 

f The following are its botanical characters :^Calys five-parted, corollft 
funnel-shaped, five-lobed, somewhat oblique, the lobes almost equal, the postfri 
rior being innermotit in bud ; stamens five ; anthers oblong saggitate, style long 
and slender ; stigmas two, each two parted, the divisions being linear : Imil 
elliptical, flattened contrary to the narrow partition, two-celled, septicidally two- 
valved, the valves keeled ; seeds five to six In each cell, large, flat, and winged- 
embryo straight in fleshy albumen ; the ovate flat, cotyledons much shorter Uiul 
the slender radicle ; stem smooth, twining and shrubby ; leaves opposite, entire, 
ovate, or lanceolate, shining on short petioles, nearly [jersislent ; flowers large, 
showy, very fragrant, yellow, ono to flve in the axil of the leavGB. 
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nine, but nitric acid causes gelsemine to assume a brownish-greon, 
quickly changiEg to a deep green — a. reaction whicb readily distinguiBbeB 
gelseniiue from atrjchnine and otber alkaloids. 

Filial Dose. — 10 ingrms. killed u frog within four hours, and 8 
mgrms, a cat within lifteen minutes. A healthy woman took an 
amount of concentrated tincture, which was equivalent to 11 mgrms. 
(i grain), and died in seven and u haif hours. 

Effects on Animals — Physiological Action. — Oelsemine acta power- 
fully on the respiration ; for example, Drs. Sydney Ringer and Murrell • 
found, on operating on the frog, that in two minutes the breathing had 
become distinctly slower ; in three and a half minutes, it hud been 
reduced by one-third ; and in six minutes, by one-half ; at the expira- 
tion of a quarter of an hour, it was only one-third of its original 
frequency ; and in twenty minutes, it was so shallow and irregular that 
it conid no longer lie counted with accuracy. In all their experiments 
they found that the respiratory function was abolislied before roiles and 
voluntary motion bad become extinct. In several instances the animals 
could withdraw their legs when their toes were pinched, days after the 
most careful observations had failed to detect the existence of any 
respiratory movement. The heart v/aa seen beating through the chest 
wall long after the complete abolition of respiration. 

In their experiments on warm-blooded animals (cats), they noticed 
that in a few minutes the respirations were slowed down to twelve and 
even to eight, and there was loss of power of the posterior extremities, 
while at short intervals the upper half of the body was convulsed. In 
about half an hour paralysis of the hind limbs wjis almost complete, and 
the respiratory movemeuts so shallow that tlioy could not bo counted. 
In the case of a dog, after all respiration had ceased, tracheotomy was 
performed, and air pumped in : the animal recovered. 

Ringer and Murrell consider that gelsemine produces no primurj" 
quickening of the respiration, that it has no direct action on either the 
diaphragm or intercostal muscles, that it paralyses neither the phrenic 
nor the intercostal nerves, and that it diminishes the rate of respiration 
after Isoth vagi have been divided. They do not consider that gelsemine 
acts on the cord through Setchenow'a inhibitory centre, but that it 
destroys reflex power by its direct action on the cord, and that probably 
it has no influence on the motor nerves. Dr. Burdon Sanderson has 
also investigated the action of gelsemine on the respiration, more 
especially in relation to the movements of the diaphragm. He operated 
upon rabbits : the animal being narcotised by chloral, a small spatula, 
shaped like a teaspoon, was introduced into the peritoneal cavity through 

*laneet, vol. L. 1878, p. «B. 
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an opening in tlie linea alba, and passod upwards in front of the liw i 
until its coiivex surf ace rested against the underside of the centrum tendine- 
um. The stem of the spatula was brought into connection with a lever, bjr ' 
means of which its to-and-f ro movenienla (and consequently that of th» 1 
diaphragm) wore inscribud. The first effect iato augment the depth batil 
not the frequency of the respiratory moveinenta ; the nejctis toditninliih 1 
the action of the diajihrngm both in extent and frequiincy. This hap*l 
pens in accordance with the general principle apjdicable to most cases of'l 
toxic action — viz., that paresis of a central organ is preceded by over-l 
action. The diminution of movement upon the whoje is progressiva, 
but this progresgion la interrupted, because the blood is becoming more and 
more venous, and therefore the phenomena of a3])hyiiaarQ mised up with 
the toxical effects. Dr. Sanderson concludes that the drug acts by paralys- 
ing the automatic respiratory centre ; the process of extinction, which 
might be otherwise expected to be gradual and progressive, is prevented 
from being so by the intervention of disturbances of which the expUna- 
tioa is to be found in the imperfect arterialisatioa of tho circulating 
blood. Ringer and Murrell hiive also experimented upon tho action of 
gelsemine on the frog's heart. In all cases it decreased the number of 
beats ; a small fatal dose produced a. white contracted heart, a large fatal' 
dose a dark dilated heart ; in cither case arrest of the circulation of: 
course followed. 

Effects on Man. — The preparations used in medicine are the fluid 
extract and the tincture of gelsemino ; the latter appears to contain tha 
resin of the root as well as the active principle. There are several casefl- 
on record of gelsemine, or the plant itself, having been taken with fat^ 
effect.* Besides a marked effect on the respiration, there is a 
upon the eye, better seen in man than in tho lower animals ; the motor 
nerves of the eye are attacked first, objects cannot be fixed, apparently' 
dodging their position, the eyelids become paralysed, droop, and cannoi 
be raised by an effort of the will ; the pupils are largely dilated, and A 
the same time a feeling of lightness has been complained of in the 
tongue ; it ascends gradiuilly to the roof of tlie mouth, and the pro 
nunciation is slurred. There is some paresis of the extremities,' 
they refuse to support the body ; the respiration becomes laboured, ; 
the pulse rises in frequency to 120 or 130 beats per minute, but the m 
remains clear. The symptoms occur in about an hour and a half aftfll 
taking an over-dose of the drag, and, if not excessive, soon disappeafi 
leaving no unpleasantness behind. If. on the other hand, the case p 
ceeds to a fatal end, the respiratory trouble increases, and there may b 

SeetanMi, 1878, voL ii., p. 475; Brit. Med. and Surg. Joum.. April, 1866| 
PhU. Med. and Surg. Reporter, 1861. 



ooavalsioiia, and a course very similar to thst seen in experimentiag on 

aniinals. Large doaea are especially likely to produce tetauus, wliicli 

presents some cliuical differences distiuguishing it from strycliaine 

1 tetanus. Gelsemine tetanus is always preceded by u loss of voluntary 

wnflex power, respiration ceases before the onset of couTulsions, the 

^ posterior extremities are most affected, and irritation fails to excite 

another paroxysm till the lapse of some seconds, as if the exhausted 

cord required time to renew its energy ; finaDy, the convulsions last only 

a short time. 

Extraction from Organic Mailers, or ike Tissues of the Sody. — 
Dragendorff states that, from as little as half a grain of the root, both 
gelsemiue and gelsemic acid may be extracted with acid water, and 
ideutihed. On extracting with water acidified with sulphuric acid, and 
Bhaking up the acid liquid with chloroform, the gelsemac acid (ffisciilin ?) 
is dissolved, and the gelsemine left in the liquid. The chloroform ou 
evaporation leaves gelsemic acid in little micro-crystals; it may be iden- 
tified by (1) irs crystallising in little tufts of crystals; (2) its strong 
fluorescent properties, one part dissolved in 15,000,000 parts of water 
showing a marked fluorescence, which is increased by the addition of an 
alkali : and (3) by splitting up into sugar and another body on boiling 
with a mineral acid. After separation of gelsemic acid, the gelsemine is 
obtained by alkalising the liquid, and shaking up with fresh chloroform ; 
on separation of the chloroform, gelsemiue may be identified by means 
of the reaction with nitric acid, and also the reaction with potassic bl- 
and sulphuric acid. 



V. THE ACOSITE GROUP OF ALKALOIDS. 

The officinal aconite is the Aconitum wn/jeKws— Monkshood or wolfs- 
\ Inne — a very common garden plant in this country, and one cultivated 
I for medicinal purposes. Many varieties of aconite exist in other regions 
I which either are, or could be, imported. Of these the most important 
I IB the Aconitum feroz, a native of the Himalayan mountains, imported 
f from India. 

All the aconites, so far as known, are extremely potsonons, and it 
I appears probable that different species contain different alkaloids. The 
root of A. nnpeUus is from two to four inches long, conical in shape, 
brown externally and white internally. The leaves are completely 
divided at the base into five wedge-shaped lobes, each of the five lobes 
being again divided into three linear segments. The numerous seeds are 
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tliree-aided, irregularly twisted, wrinkled, of a dark-brown colour, ia m 
length one-sixth of an inch, and weighing 'i5 to the grain (Gwy). Tha I 
whole plant is one of great beauty, from two to six feet high, and hay- I 
ing a terminal spike of conspicuous blue flowers. The root has been 1 
fatally mistaken for horse-radiah — an error not easily accounted for, since I 
no similarity exists between them. 1 

Pharmaceutical Preparations of Aconite.— ThQ preparations of I 
aconite used in medicine ure : — I 

Aconitine, officinal in all the pharmacopoeias. I 

Aconite liniment (Linimentum acordti), made from the root witli.1 
spirit, and flavoured with camphor ; officinal in the British phamuco- 1 
pmia. It may contain about 3*0 per cent of aconitine. I 

Aconite tincture, officinal in all the pharmacopceias. I 

Aconite ointment, Sgrains to the ounce {i.e., I'CC per cent.) ; offici-fl 
nal in the British pharmacopoeia. I 

Aconite extract, the juioe of the leaves evaporated ; officinal tn most I 
of the pbarmaco|M3ias. ■ 

Fleming's tincture of Acoiiile is not officinal, bnt is aoH largely in I 
commerce. It is from three to four times stronger than the P.B. tia&> 1 
ture. 

The Aconite Alkaloids. — The alkaloids which have been stated to 
exist in A. napellus are — Aconitine, napelline, acolyctine, lycoctine, and i 
one or two others. The first is considered to be in combination with 
aconittc or eqnisetic acid (HsC,H,0,) ; the others are probably deriva- J 
tiTes from aconitine, produced by the objectionable employment of min- J 
eral acids and too high a temperature in the process of extraction. ■ 

The researches of Dr. Adler Wright on the alkaloids contained in ■ 
the aconites have thrown much light upon the subject, and are of the i 
greatest importance. Only a summary of results as obtained by him 
can, of course, be given here, and the reader is referred to the original 
papers* for further information. 

The alkaloids contained in Aconitum napellus are by no means iden* | 
tical with those contained in Aconitum ferox. 

Aconitum napellus roots yield a crystallised alkaloid, Aconitine (C* J 
HtiNOu), of great activity. Some roots, but apparently not all. contain 1 
in addition a nearly inert bitter base, termed by Dr. A. Wright. Picra- I 
con<7(»e {OnHiiMOjo), Besides picraconitine and aconitine, there is* I 
third amorphous alkaloid, incapable of yielding crystalline salts, and of I 
lower molecular weight. 

Aconitum ferox contains an active alkaloid, to which Dr. Wright I 
gives the name of pseudiiconitine, and assigns the formula OkHkNO*, f 



Vowm. Chem. Society, i., 1S77, p. 143 ; 
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From pseudaconitine, apopseudaconitine (OseH^jNOu), pseudaconine 
(CgyH^iNOg), apopseudaconine (CjyHsrNOg), and other derivatives may be 
obtained. 

Confining our attention to the physiologically active alkaloids, Aco- 
nitine and pseudaco7iiime, the points of resemblance and difference be- 
tween them are as follows : — They are both physiologically active, and both 
give precipitates with mercuric chloride, potassium mercuro-bromide, 
potassium mercuriodide, tannin, gold chloride, and several other precipi- 
tants and alkaloids. 

From aconitine, pseudaconitine differs in its molecular weight and 
in its melting point — aconitine melting at 189**, pseudaconitine at about 
104° to 105°. 

Aconitine by saponifying agents breaks up into benzoic acid and a 
new alkaloid, according to the reaction. 

C8sH«NOi2+H,0==C;HeO,+C„H»NO, ; 

while pseudaconitine, treated similarly, gives rise to a new body {pseud- 
aco7iine) and dimethyl-protocatechuic acid, 

C„H„N0i8+H,0 = CgHxcO^+C^H^iNOs. 

Aconitine, again, crystallises anhydrous ; pseudaconitine with one atom 
of water. Aconitine yields well-crystallised salts with facility ; pseuda- 
conitine, treated similarly, produces amorphous varnishes, with a few 
exceptions — e.g., the nitrate. 

Analysis of Pharmaceutical Preparations of Aconite. — The 3rield 
of total alkaloids frcm aconite roots is about -34 per cent, when Duques- 
nePs process is used, but with the other methods the yield is very small — 
e,g,, '002 per cent. — the heat destroying most of the alkaloid. The ap- 
proximate strength of tinctures, liniments, &c., may be determined by 
Mayer's reagent.* Each cc. of this fluid precipitates -0269 of Duques- 
ners or Petit^s aconitine. The titration, according to Dragendorff, must 
operate, upon a fluid containing about one part of the alkaloid in 150 to 
200 of water, and a first experiment is necessary in order to ascertain the 
proper degree of dilution. The reagent is then added from a burette, 
and by the use of a Beale's filter the point at which a precipitate ceasea 
to be produced is noted. 

Extracts of aconite must be treated with acidulated water, and fil- 
tered ; spirituous preparations must be freed from alcohol, and acidu- 
lated. Herr Zinoffsky, operating in this way, found in Bussian tinctures 

* 13*546 grms. of mercuric chloride and 49*8 potassic iodide in a litre of 
water. 
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•116 to •! per cent, of aconitine. The alcoholic extracts appear to con- 
tain from 4 to 6*5 per cent. 

Commercial aconitine may be assayed by the use of saponifying 
agents^ changing aconitine and psendaconitine respectively into benzoic 
and dimethyl-protocatechuic acids. The following is an example of this 
method : 

0-7895 grain lost at 100** 0-0336, — 4-2 per cent 

2-3040 grains, dissolved in hydrochloric acid, and 

treated with ether, furnished 0-010 grain 

of residue, left on spontaneous evaporation ot 

ether, consisting of resinous matter with a 

little dimethyl-protocatechuic acid, . . . ■- 0*4 '* 
2-0230 grains, heated from 240° to 260° in a sealed 

tube for twenty-four hours with water, yielded 

with hydrochloric acid and ether 0-3660 grain 

of mixed benzoic and dimethyl-protocatechuic • 

acids, with trace of resin,- — 18'1 " 

On distillation with water, 0-002 grm. of benzoic 

acid was obtained, melting at 110° . . . — 0-1 " 

•1 per cent, of benzoic acid would correspond to 0-6 per cent, of 
aconitine, since pure aconitine has been found experimentally to yield 
about one-sixth of its weight of benzoic acid. 

Pure psendaconitine is assumed to yield 26 per cent, of its weight 
of dimethyl-protocatechuic acid ; in other words, the percentage of 
dimethyl-protocatechuic acid multiplied by 4 (after making corrections 
for resin, pre-existing acid, and ly^nzoic acid), equals for practical pur- 
poses the percentage of psendaconitine. Hence the results of the pre- 
vious analysis are thus worked out : — 
Total dimethyl-protocatechuic and benzoic acids, 

and resin obtained, —=18-1 per cent. 

Deduct resin and pre-existing dimethyl-protocate- 
chuic acid BBS 0*4 " 



Acids due to psendaconitine andacontine present, . = 17*7 ** 
Benzoic acid due to aconitine, — i 0-1 *' 



Dimethyl-protocatechuic acid due to psendaconi- 
tine, — 17-6 

Percentage of psendaconitine, . . — 17*6 X 4 »» 70*4 

Ditto of aconitine, . . . . « 0*1 x 6 — 0-6 " 

Water, . _ 4-2 " 






ACONITE. 



319 



Pseudaconine and amorphoufi unnamed base, &c., 
by difference, 



24*8 per cent. 



The various hinds of Commercial Aconitine and the Fatal Dose 
of Aconitine. — The commercial varieties of aconitine differ from each 
other in appearance and in quantitative action, bat not, as the researches 
of Plugge prove, in qualitative action. The French aconitine nitrate of 
Petit is in white crystals, and is the purest of all and the most active. 
Morson's aconitine is pseudaconitine, a yellow-browji powder ; it seems 
to approach, but not equal, Petit's in activity. Other aconitines are 
•either brown or greyish powders — such, for example, as those of Merck 
and Friedlander — or transparent gummy masses, e.^., Hopkins & Wil- 
liams' pseudaconitine. We possess, through the researches of Professor 
Plugge,* some very exact information as to the fatal dose (for the lower 
animals) of Petit's, Merck's and Priedlander's aconitine nitrate. He 
administered the following doses to the animals mentioned : — 

TABLE XIV.— FATAL DOSES (FOR ANIMALS) OF ACONITINE. 

PETirS CRYSTALLINE ACONITINE NITRATE. 



AnlmalB Experimented 
upon. 


Dose Given. 


Dose per Kilofrrm. 


Result. 


A Frog, . . 


'4 mgrm. 


160 


Death in 00 Minutes. 


A Rabbit, . . . 


•8 


•5--6 


,, oO. ,, 


! A Dog, .... 


1-6 


•21 


20 


I .... 

1 


•45 " 


•10 


„ 140 „ 


1 

• • • • 
1 


•50 " 


•054 


Recovered. 


1 

• • • • 
1 


•60 " 


•075 


Recovered. 


1 

A Pigeon, . . . 


•07 " 


•22 


Death in 21 Minutes. 



* ArchvD der Phai-m., Jan. 7, 1882. Trans, of Intemat Med. Congress, 1881, 
ToL L, p. 472. 
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MERCK'S ACONITINE NITRATE. 



AnlmalB Experimented 
VLpon. 


Dose Given. 


Dose ];>er Ellogrm. 


Result 


A Frog, ... 


'4mgrm. 


16 


Recovered. 




1-0 


40 


Died in 110-360 Min. 


.... 


20 


80 


75-130 ., 


• 
• . . • 


40 


100 


50 


A Rabbit, . . . 


3-5 


2 


» 75 


• • . ■ 


10 


6-50 


n 15 


A Dog, .... 


10 


1-65 


.. 15 


A Pigeon, . . . 


• • 


1-65 


Recovered. 



FRIEDLANDER'S ACONITINE NITRATE. 



Animals Experimented 
upon. 


Dose Olven. 


Dose per Kllo^rm. 


Resolt. 


A Frog, .... 


4 mgnnn. 


100 


Recovered. 


•1 

• • • • 


10 „ 


400 ] 




• • • • 


20 „ 


800 


Death in more than 60 
Minutes. 


• • • * 

• 


40 ,, 


1600 


» 


A Rabbit, . . . 


„ 


411 


Recovered. 


91 

• • • • 


24 ,. 


18-00 


(( 


• • • • 


50 „ 


85-50 


(< 


A Dog, .... 


28 „ 


6 00 


(( 


A Pigeon, . . . 


10 ., 


83 4 


(« 


mi 1 • 


T-kt -1 


* 1 • 


1 I'J A "Tk 1 •! • 



The conclusions Plugge draws from his researches are that Petit's 
aconitine is at least eight times stronger than that of Merck, and 
seventy times more toxic than that of Priedlander, while Merck's 
"aconitine again is twenty to thirty times stronger than Friedlander's.*' 
He is inclined to put seven commercial samples which he has examined 
in the following diminishing order or toxicity : — (1) Petit's crystalline 
aconitine nitrate ; (2) Morson's aconitine nitrate ; (3) Hottot's aconi- 
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e nitrate; (4) Hopkins & Williams' pseudnconitine ; (5) Merek'a 
mtiue nitrate ; (6) Schuchart's aconitine aiilphate ; and (7) Fried- 
dw's aconitine nitrate. 

From a atudy of Dr. Hurley's experiments,* however, made a few 

jars ago, I take it that there ia very little difference between the 

■ )- of Petit'e and Jlorson's aconitine. Dr. Harley experimented on 

i young cat, 3 lbs. in weight, and nearly killed it with -1 - of a grain of 

iou's aconitine ; two other cats, also weighing a lbs. eiich, died in 

a and a half hours and three quarters of an hour respectively, killed 
from a subcutaneous dose of -^- uf a grain. Eeduciug these values to 
the ordinary equivalents, the dose, after which the cat recovered 
with difficulty, ia equal to about ■048 mgrm. per kilo., while a 
certainly fatal dose is '09^ mgrm. per kilo., therefore, it seems likely 
that the least fatal dose for Morson's, as for Petit's, is some number 
between -075 and '09 mgrm. per kilo. 

Man is evidently more sensitive to aconitine than any of the dogs 
or cats experimented upon, since, in the German cases to be recorded, 
1 '6 mgrm. of Petit's aconitine nitrate, taken by the mouth, gave rise to 
symptoms so violent that it was evidently a dangerous dose, while 4 
mgi'ms. were rapidly fatal ; but if man took the same amount per kilo. 
as dogs or cats, ho would require a little over 6 mgrms. to be certainly 
fatal. It seems to me, from the evidence obtainable, that '03 grain (2 
mgrms.) is about the least fatal dose for an adult man of standard weight. 
This dose ia equal to -028 mgrm. per kilo., and, of course, refers either to- 
Morson's aconitine or French aconitine, the alkaloid being taken by the 
mouth. If given by subcutaneous injection, probably 1'5 mgrm, would 
kill, for the whole of the poison is then thrown on the circulation at 
one time; and there is no chance of its elimination by vomiting. 

The lethal dose of the pure alkaloid being even approximattvely set- 
tled, it is possible to get a more exact idea as to the suitable medicinal 
doae of the tincture and extract, and also to study more profitable the 
•'quantitative toxicity." The English officinal tincture, although vari- 
ble in strength, may for our purjioses be regarded as averaging 1 per cent. 
of alkaloid — that is, iu every 100 parts by volume there will be ■! part of 
the alkaloid by weight, and Fleming's tincture may bo considered as one- 
third stronger, containing in every 100 parts '13 |>art of alkaloid. The 
medicinal dose of the P.B, tincture is laid down as from 5 to 15 min. — 
equal to -005 to -015 grain of aconitine. The German pharmacoi>ceia 
gives the maximum single dose as 1 cc. (say 15 mins.). and Ihe maximum 
^.a nantitv to be taken in the twenty-four hours as four times that quanti- 

t— 



'■ On the Action and Use of Aconitine," St. Thoa. Hasp. iiepo«. 1674. 
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ered a fatal dose, this is equivalent to about 2 cc. (30 mins.) of the P.B. 
tiiicture,or to 1-2 cc. (20 mins.) of Fleming^s tincture in a single dose ; and 
on these theoretical grounds I should consider this dose dangerous, and in 
the absence of prompt treatment likely to be fatal to an adult man. The 
usual leaflt fatal dose laid down in medical tozicological works, however, 
is greater than this — viz., 3*75 cc. (a drachm). 

In 1863, a woman took 70 minims of Fleming^s tincture, and a grain 
of acetate of morphine, and died in about four hours ; but as this was a 
complex case of poisoning, it is not of much value. Fifteen minims of 
the tincture caused very serious symptoms in the case of a woman under 
the care of Dr. Topham,* the effects lasting many hours. Probably the 
smallest quantity of the tincture recorded as having destroyed life is 
in the case of Dr. Male, of Birmingham.! He died from the effects of 
eighty drops taken in ten doses, extending over a period of four days — 
the largest dose at any one time being ten drops, the total quantity 
would perhaps equal 08 grain of aconitine. 

The P.B. extract is not a very satisfactory preparation, varying 
much in strength. It may be taken to average about '6 per cent., 
and if so, applying the same reasoning as before, from '26 to '32 grm. (4 
to 5 grains) would be a fatal dose. J On the other hand, there is an alco- 
holic extract which is very powerful, and averages 5 per cent, of 
aconitine: 40 mgrms. ('6 grain) of this extract would be likely to be 
fatal. With regard to the root itself, 3*8 grms. (60 grains) have been 
known to produce death, and from the average alkaloidal contents it is 
probable that '648 grm. (10 grains) would be a highly dangerous dose. 

Effects of Aconitine on Animal Life. — There are few substances 
which have been experimented upon in such a variety of ways and upon 
so many classes of animals, as aconitine in different forms : but there 
does not seem to be any essential difference in the symptoms produced in 
different animals, save that which is explained by the organisation of the 
life-form under experiment. 

Insects.— \ have recently made many experiments with the active prin- 
ciples of aconite upon blow-flies. An extract was made by allowing the 
ordinary tincture to evaporate spontaneously at the temperature of the 
atmosphere. If a minute dot of this was placed upon the head of a 

♦ TMUcet, July 19, 1851, p. 56. 

t Med. Oaz.y vol. xxxvi, p. 861, quoted by Taylor, Prm, of Med, Juris., vol. i.. 
p. 426. 

t But there is a case reported by Dr. Vachell, of Cardiff, in which 2 grains of 
extract of aconite taken in pills proved fatal. Now 2 grains is the medicinal dose. 
laid down as a maximum in the pharmacopoeia; a complete revolution is, therefore, 
necessary in the xn-e of these active remedies. No extract or tincture should be 
used until its approximate strength in active principles is determined. 
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blow-fly, absorption of the active principle would take place in from fif- 
teen to thirty minutes, and very marked aymptoniB would result. They 
consisted essentially of muscular weakness, inability to fly, and to walk 
up perpendicular surfaces ; there was also in all cafles a curious enttmgle- 
ment of the legs, and very often extrusion of the proboscis ; trembling of 
the legs and muscular twitchings were also frequent. A pro^essiTe par- 
alysis terminated in from four to five hours in death ; the death was gen- 
erally BO gradual that it was difficult to know when ihe event occurred, 
but in one case there were violent movements of the body, and sudden 
death.*! 
I Fish. — The action on fish has been studied by Schnlz and Praag. 

• The more important physiological researches on the action of aconite are 
contained in the following worka and papers : — 

Fl-Eicmo, A. — "An imjuirj into the physiological and mediciaaJ properties of the 
Aconitiim napelius," to which are added ubeerrationa on several other 
species of aconite. 8vo. Lond.. 1845, 
ScHUU;, F. W.— D« A'onitini Effertti in OrganUmujn Animaium. 
V. FRAaa.—Arrh.f. Pulk. Annt., vii., p. 4S8, 1854. 

HoTTOT, R.~De V Aconiliiu ttdf 3r» Effet* PkyuMogiqufi, 4Xa. Parifi,1863. 
ACHSCHABUMOW.— ..^rch. /. Anatoin. it. Pkyriol.. 1806. 
'BUms.—Rerxgifte, 1S71. 

EwEBS, C.—Vclxr die phynologiiKhtn Wirkungen dts aua Atonitum ferox darge- 
tteUten Afonitini (fteudooooniitn, Aamititittm anglitum, Nepalin). 8vn. 
Dorpat. 1873. 
OuiLAUD. — De VAconilfet de VAconitirte. 4to. Montjiellier. 1674. 
Fbakchbschdji, M. X.~-OontrBnitiaa a FEtiide de r Action fkyaiologiqae et Thir- 

apeutigiie de FAi^onitine. 4to. Paris, 1S75. 
Lewin. — Exp. VnteraueA. Hber die Wirkung d. Aamitina auft Herz, Diat. Ber- 
lin. 1875, 
GrDiJKi. P. — ExperimenUUe. Unteirsuehungen ueber die Wirkung del Aronitintavf 

tins Nervimxy/item, dan Herz. u. dis Alhmvng. 6vo. Erlangen, 187S. 
Habley, Dtt. John. — On the action and uses of Aconitia. St. Thos. Hosp. Re- 
ports. 1874. 
T. SoHiiOKP, C. Jr.— Beitrag tvr Kennlnimi de» Aeonit. 8vo. Wien. 1B76. 
Pluooe, p. C.—UJitersOfkungf-n ueber die phyaiolagivhe Wirkvng verKhiedener 
HandelMorlen von Aecinitin, u. Paeu,doaeonitin art/ Mimkeln u. AVnwn. 
VTrrh. Arrhiv.Bd. 87. 1883; 3. 410. 
t It may be well to quote in full a typical experiment. Six P.M.. alittle ei- 
tmct smeared on the head of a How-fly. Forty-live minutes after— makes no at- 
tempt to fly, great muscular weakness, no trembling or convulsive movements. 
Fifty minutes after— partial panvlyais of right half of body, so that the fly, on 
moving, goes in a circular direction, the second pair of legs are curionsiy beDt for- 
ward and useless ; the wings seem fairly strong. Seventy-five minutes— fly very 
dull, always in one spot, wiihout movement : when placed on a horizontal glass 
surface, and the glass then very slowly inclined, until it is at last quite perpen- 
dicular, the fly falls. There is now a strange entanglement of the legs. 125 
minutes — perfectly paralysed ; 145 minutee— dead. 
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There is rapid loss of power and (diminished breathing ; the respira 
Beema difficult, and the fiah rapidly die. 

Reptiles — Frogn. — The most recent experiment on frogs are those a, 
Plngge, and although his interpretation of the phenomena in some point! 
is different from that of previous observers, the symptoms themselvos a 
as might have been expected, not different from those described by Achi 
eharumow, L, v. Praag, and others. Aa before mentioned, PlnggsT^ 
found no qualitative difference in the action of any of the commercial 
samples of aconitine. This fact gives the necessary value to all the aid 
experiments, for we now know that, although they were performed with 
impure or weak preparatioua, yet there is no reason to believe that thft' 
symptoms described were duo to any otlier bnt the alkaloid aconitine ist. 
varying degrees of purity or dihition. Froga show very quickly signs cd 
weakness in the muscular power ; the respiration invariably becomes li 
bonred. and ceases after a few minutefl ; the heart's action bocoma 
slowed, irregular, and then stops in diastole. The poisoned heart, whih 
atill pulsating, cannot be arrested either by electrical stimulation of thh 
vagus or by irritation of the sinus, nor when once arrested can any fah 
ther contraction be excited in it. Opening of the mouth aud apparenj 
efforts to vomit, Plugge observed both with Raua escuhn/a and Sunt 
temporaria. He considers them almost invariable signs of aconitine p 
soning. A separation of mucous from the surface of the body of I 
frog is also very constantly observed. Dilatation of the pupils ia 1 
quent, but not constant ; there may be convulsions, both of a clonic an^ 
tonic character before death, but ffbrillar twitehings are seldom. {Wiw 
regard to the dose required to affect frogs, see ante, pp. 319 and 320), 

jBiVrfff.^There is a discrepancy in the descriptions of the action of 
aconitine on birds. L. v. Praag thouglit the respiration and circulation 
but little affected at first ; while Achscharumow witnessed in pigeons 
dyspnoea, dilatation of the pupils, vomiting, shivering, and paresis. It 
may he taken that the usual symptoms observed are some difficulty in 
breathing, a diminution of temperature, a loss of muscular power gener* 
ally (but not constantly), dilatation of the ])upils, and convulsions hefoM 
death. 

Mammals. — The effects vary somewhat according to the dose. 
large doses kill rabbits rapidly. They fall on their sides, are violcnU] 
convulsed, aud die in an asphyxiated condition ; hut with smt" 
the phenomena first observed are generally to be referred to the respin 
tion. Thus, in an experiment on the horse, Dr. Hurley found that tht 
subcutaneous administration of f! mgrm. ('Ol grain) caused in a weak^] 
colt some acceleration of the pulse and a part.ial paralysis of the dilat<H 
narium. Double the quantity given to the same animal some time afteij 
caused, in six hours and a half, some muscular weakness and an evidenl 
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respiratory trouble. The horse recovered in eighteen hours. 3-7 rngrms. 
(i grain) given in the same way, after a long interval of time, ciiused, at 
the end of an hour, more pronounced aymptoms; the pnlae, at the com- 
mencement 50, rose in an hour and a half to (!8, then the respiration bo- 
came audible and difficult. In an hour and three quarters there were 
^eat restlesanesB and diminution of muscular power. Two hours after 
the injection the muscular weakness increased so much that the horse 
^U down ; he was also convulsed. After eight hours he began to im- 
prove. In another experiment, 32-4 mgrms. (J^ grain) killed a sturdy 
-entire horse ia two hours and twenty minutes, the symptoms commencing 
within the hour, and consisting of difficulty of breathing, irregularity of 
the heart's action, and convulsions. 

The general picture of the effects of fatal, but not excessive, doses 
given to dogs, cats, rabbits, &c., resembles closely that already described- 
The heart's action is at first slowed, then becomes quick and irregular, 
there is dyspncea, progressive paralysis of the muscular power, convul- 
«ionB, and death in asphyxia. Vomiting is frequently obsen-ed, Bome- 
times salivation, and very often dilatation of the pupil. Sometimes the 
latter ia abnormaliy active, dilating and contracting alternately. Diar- 
rhcea also occurs in a few cases. Vomiting ia more frequent when the 
poison is taken by the mouth than when administered subcutaneonsly. 

Effects on Man. — I have collected from European Medical literature, 
of the last ten years, 87 cases of poisoning by aconite in some form or 
■other. These comprise only 2 cases of murder, 7 of suicide, and 7. 
which were more or less accidental. Six of the cases were from the use 
■of the alkaloid itself ; lU were from the root ; in 3 cases children ate the 
flowers ; in 1, the leaves of the plant were cooked and eaton by mistake j 
in 7, the tincture was mistaken for brandy, sherry, or liqueur ; the re- 
mainder were caused by the tincture, the liniment, or the extract. 

Poisoning by the Jioot. — A case of murder which occurred some yeara 
'.-ago in America, and also the Irish case which took place in 1841 {Rey. 
y. WConkey), were, until the recent trial of Lamsfln, the only instances 
longEnglish-speuking people of the use of acouite tor criminal pur- 
but if we turn to the Indian records, wo find that it has been 
largely used from tJic earliest times aa a destroyer of human life. In 
1842 a tank of water destined for the use of the British army in pursuit 
-of the retreating Burmese, was poisoned by intentional contamination 
with the bruised root of AconHum ferox ; it was fortunately diacovend 
before any harm resulted. A preparation of the root is used in all the 
hill-diatricts of India to poison arrows for the destruction of wild beaata. 
A Lepcha described the root to a British officer as being '■useful tc 
sportsmen for destroying elephants and tigers, useful to the rich for put- 
,tilig troublesome relations out of the way, and useful to jealous husbands 
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for tlie purpose of destro}"iDg fftithlesa wives." From the recorded c 
the powdered root, mixed witli food, or tlie same aubatance ste 
spirituous liquor, is usually the purt cboseu for administratiOQ. 
il'Conkey's case, the man's wife purchased powdered aconite root, mixed 
it with pepper, iind strewed it over some greens, which she cooked and 
gave to him. The man complained of the sharp taste of the greens, and 
soon after the meal vomited and Buffered from purging, became deliriona 
with lock-jaw, and clenching of the hands : he disd in almut three 
hours. The chief noticeable ^os(-?noWOTrt appearance was a bright red 
colour of the mucous membrane of the stomach. 

The symptoms in this case were, in some respects, different i 
those met with in other cases of poisoning by the root, A typical case i| 
given by Dr. Chevers ( Op, cit.), in which a man had taken by mistake > 
small portion of aconite root. Immediately after chewing it he felt a 
sweetish taste, followed immediately by tingling of the lips and tongue^ 
numbness of the face, and severe vomiting. On atlmisaion to hospital h 
was extremely restless, tossing his limbs abont in all directions and c 
atantly changing his position. Ho complained of a burning sensation ii 
the stomach, and a tingling and numbness in every part of the body, < 
cepting his legs. The tingling was specially marked in the face a 
tongue — so much so that he was constantly moving the latter to and fro ii 
oi-der to scratch it against the teeth. Retching and vomiting occurr 
almost incessantly, and he constantly placed his hand over the cardiaal 
region. His face was anxious, the eyes suffused, the lips pale and e 
gaine, the eye-lids swollen, moderately dilated, aud insensible to the stint- ] 
ulus of light ; the respiration was laboured, 04 in a minnte ; the piila& i 
66, small and feeble. There was inability to walk from loss of muscular j 
power, but the man was perfectly conscious. The stomach-pump was 
nsed, and albumen and milk administered. Three and three quarter houra 
after taking the root the aymptoma were increased in severity. The tongue 
was red and swollen, the pulse intermittent, feeble, and slower. The 
tingling and numbness bad extended to the legs. On examiniDg thft.i 
condition of the external aensibility with a pair of scissors, it was found J 
that, on fully separating the blades and bringing the points in conta 
with the skin over the arms and forearms, he felt thorn as one, altbon^ 
they were 4 inches apart. But the sensibility of the thigha and legs n 
less obtuse, for he could feel the two points distinctly when they werefj 
inches apart, and continued to do so until thedistance between the poinU 
fell short of 3^ inches. He began to improve about the ninth hour, i 
gradually recovered, although ho suffered for one or two days from i 
slight diarrhoea. As in the case detailed (p. 327), no water was pas 
for a long time, as if the bladder early lost its power. 

Poisojiing by the Alkaloid Aconitine. — Probably the earliest iustanoe 
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on record is the case related by Dr. Golding Bird in 1848.* What kind 
of aconitiuo was then in commerce I know not, and since appurently 
a person of conaidemble social rank was the subject of the poisoning, 
the case has been imperfectly reported. It seems, however, that, 
whether for purposes of suicide, or experiment, or as u mediuino, two 
grains and a half of acoiiitine were swallowed. The symptoms were very 
violent, consisting of vomiting, collapse, and attacks of muscidar spuam ; 
the narrator describes the vomiting as peculiar. " It, perhaps, hardly 
deserved that title ; the patient waa seized with a kind of general spasm, 
during which he convulsively turned upon his abdomen, and with nn 
intense contraction of the abdominal muBcles, he jerked out, as it were, 
with n loud shout, the contents of his etomach, dependent apparently 
on the sudden contraction of the diaphragm." On attempting to make 
him swallow any fluid, a fearful spasm of the throat was pi-oduced ; it 
reminded his medical attendants of hydrophobia. The patient recovered 
completely within twenty-four hours. 

One of three caaes reported by Dr. Albert Busseher.t of poisoning 
by aconitine nitrate, possesses all the exact details of an intentional exper- 
iment, ;ind is of permanent value to toxicological literature. 

A labourer of Beerta, sixty-one years of age, thin, and of somewhat 
weak constitution, suffered from neuralgia and a slight intermittent 
fever ; Dr. Carl Meyer prescribed for his ailment : — 

H. Aconiti Nitricl, :4grm. 

Tr. C'henopoddii Ambrosioid, 100 grms. M.D.S. 

Twenty drops to be taken four times daily. The patient waa instructed 
Terbally by Dr. Meyer to increase the dose until he attained the maxi- 
mum of sixty drops per day. 

The doses which the man actually took, and the time of taking 
them, are conveniently thrown into a tabular form as follows : — 
No. 1. March 14, 7 p. u.. 10 drops f^jual to aconitiae nitrate, 4 mgrm. 



1. 


March 14. 7 p. 


u. 


10 drops f^iual 


a. 




«p 


M. 


30 ., 


8. 


MarehlS 


Ra 


M. 


ao .. 


4. 




11 A 


u 


20 .. 



„ 5. .. 4 p. M., 20 ., „ „ 18 „ 

.. 6. „ flp. M..20 „ „ .. 1-6 .. 

.. 7. Msreh 16, IOp. M., 10 „ „ „ -9 „ 

la the whole seven doses, which were distributed over forty-eight hours, 
he took Qi mgrms. ('1-1 grain) of aconitine nitrate. 

On taking dose No. 1, he eiperienced a feeling of constrictiou {Zus- 
* Lancet, vol . i. . p. 14. 

+ Intoxifalionii/'lUediircliAeoiiitin X&ricum OiilltcitTit, nebtt Seetiona Bertchl. 
von Dr. Albert Busscher ; Bert KUnixM Woehentchrift, imi. No. 34. pp. 888, 86a 
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(I'ltineiuiehung), and burniog spreading froDt the mouth to tile stomsclir. 
but tUia ufter a little wiiile subsided. Twu huurs afterwards he took Hot 
2, four times the quantity of No. 1. ThU produced the same immodiato 
symptoms, but soon be became cold, and felt Tery ill. Ho had an uas- 
ions oppressive feeling about the chest, with a burning feeling about the 
thro;il ; tlia whole body was covered with a cold sweat, his sight failed, 
he became giddy, tliere was ejcesaive muscular weakness, he felt a» if. 
he had lost power over hia limbs, he had great difficulty in breathing. 
During the night he passed no wuter, nor felt a desire to do so. About 
half an hour after he had taken the medicine, he began to vomit vii 
lently, which reheved him much ; he then fell asleep. 

Dose No. 3, equal as before to 1*6 mgrm., he took in the moruing. 
He experienced almost exactly the same symptoms as before, but convnl-i 
siona wore added, especially of the face ; the eyes were also prominent 
twenty minutes after he had taken the dose, vomiting came on, after 
which he again felt better. 

He took dose "So. 4, and had tlie same repetition of symptoms, but 
in tho interval between the doses he felt weaker and weaker ; ho had 
energy, and felt as if paralysed. No. 5 was taken, and produced, like 
the others, vomiting, after which he felt relieved. Neither he nor hia 
wife seemed all this time to have had any suspicion that the mediciut 
WHS really doing harm, but thought that the effects were due to its con- 
stant rejection by vomiting, so, in order to prevent vomiting with No. 6, 
be drank much cold water. After thus taking the medicine, the patient 
seemed to fall into a kind of slumber, with great restlessness ; about 
hour and a half afterwards he cried, " I am chilled ; my heart, my heart. 
is tombly cold. I am dying ; I am poisoned." His whole body was cot- 
cred with perspiration ; he was now convulsed, and lost sight and beai^' 
iug ; his eyes were shut, his lips cracked and dry, he could scarcely open 
hia mouth, and he was extremely cold, and thought he was dying, l?h* 
breathing was difficult and rattling: from time to time the muscular spasms 
came on. His wife now made a large quantity of hot strong black tea, 
whicli she got him to drink with great difficulty ; although it was hot, he 
did not know whether it was hot or cold. About five minutes afterwurda 
he vomited, and did so several times ; this apparently relieved him, and 
he sank into a quiet sleep ; during the nig:ht he did not urinate. In the 
morning the wife went to Dr. Carl Meyer, described the symptoms, and 
accused the medicine. So convinced was Dr. Meyer that the medicine did 
not cause the symptoma, that he poured out a quantity of the same] 
equal to 4 mgrms. of a«onitine nitrate, and took it himself in some wine, 
to show that it was harmless, and ordered them to go on with it, Tha 
unhappy physician died of aconitine poisoning fire hours aft«r taking th« 



I 



ACOSITB. 329 

Tnedioine.* In the meantime, the woman went home, and her husband 
actually took a seventh, but smaller dose, which produced similar symp- 
toms to the former, but of tittle severity ; no more waa taken. 

The abseace of diarrhceu, aud of the pricking soneations so often de- 
scribed, is in this case noteworthy. Both diarrbrea and formication were 
also abaeiit in a third caae reported by Dr. Busacher in the same paper. 

The facts of the following recent case are still fresh in public mem- 
ory : — At the Central Criminal Court, in March, 1882, George Ilenry 
Lamaon, surgeon, was convicted of the murder of his brother-in-law, 
Percy Malcolm John. Tho victim was a weakly youth of eighteen years 
of age, paralysed in his lower limbs from old standing spinal disease, 
The motive for perpetrating the crime was that Lamson, through his wife 
■ (Malcolm John's sister), would receive on the death of his brother-in-law 
a sum of i;i,.iOO, and, according to the evidence, it is probable that there 
liad been one or more previous attempts by Lamaon on the life of the 
youth with aconitiue given in pills and in powders. However this may 
be, on Nov. 34, 1880, Lamson purchased 2 grains of aconltine, came 
down on Dec. 3 to the school where the lad was placed, hud an interview 
with his brother-in-law, and, in the presence of the head-master, gave 
Malcolm John a capsule, which he filled then and there with some wliite 
powder, presumed at tlie time to be sugar. Lamson only stayed alto- 
gether twenty minutes in the honse, and directly after ho saw his brother- 
in-law swallow the capsule, lie left. Within fifteen minutes Malcolm 
John became unwell, saying that he felt as if he had an attack of heart- 
,burn, and then that he felt the same as when his brother-in-law had on a 
-■former occasion given him a quinine pill. Violent vomiting soon set in, 
;»iid he complained of pains in his stomach, a sense of constriction in his 
throat, and of being unable to swallow. He was very restless — bo much 
:80 that he had to be restrained by force from injuring himself. There 
was delirinm a few minutes before death, which took place about three 
hours and three quarters after swallowing the fatal dose. The posl-morietii 
appearances essentially consisted of reilness of the greater curvature of 
the stomach, and the posterior portion of the same organ. In one part 
there was a little pit, as if a blister had broken ; the rest of the viscera 
Tfere congested, and the brain also slightly congested. f 

•The symptoma Biiffereil by Dr. ileyer are to be found in Neder TijdiKhrifl 
n GenesxlniHd(. 1«80, No. 16, 

t To these cases of poisoning by the alkaloid aconitine may be added one re- 
corded inBouchardat's /innuaird tU Th^rapeutU, IBBi. p. 376. Theca«ein itself is 
of but little importance, save to illuBtrat« the great danger in permitting the dia- 
penaing of such active remedies of varying strength. A gentlemaa, suffering 
from " angina pectoris," was prescribed " Hottot's aconitine" in grannies, and 
directed carefully to increase the dose up to four granules, according to the effect 
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The symptoma of poisoning by the tincture, extract, and other prep- 
aration, do not differ from those detailed. As unusual effects, occasion- 
ally seen, may be noted profound nn consciousness lasting for two houn 
(Topham's case), violent twitching of the niuscles of the face, opisthoto- 
nos, and violent counilsionB. It is important to distinguish the symp- 
toms which are not conBtaut from those which are constaJit, or nearly 
The tingling and creeping senaations about the tongue, throat, lips, &c., 
are act constant ; they certainly were not present in the remarkable Ger- 
man case cited at p. 337. Speaking generally, they seem more likely to 
occur after taking the root or the ordinary medicinal preparations. 
dilated state of the pupil te by no means constant, and not to be relied 
upon. Diarrhcea is seen after taking the root or tincture by the atom- 
ach. but is often absent In short, the only constant symptoms are dif- 
ficulty of breathing, progressive muscular weakness, generally vomiting, 
and a weak intcrmiltcut pulse. 

Phymologiccd Action. — Aconitino, according to Dr. S. Ringer, iss 
protoplasmic poison, destroying the functions of all nitrogenous tiasotH— 
first of the central nervous system, next of the nerves, and last of the 
muBclcB. Aconitine without doubt. acts powerfully on the heart, ulti- 
mately paralysing it ; there ia first a slowing of the pulse, ascribed to ft- 
central excitation of the vagus, then quickening due to paralysis of tha 
peripheral termination of the vagus in the heart : lastly, the heart's ac 
tion becomes slow, irregular, aud weak, and the blood -pressure sinks. 
The dyspncea and convulsions are the usual result, seen among allwarm^ 
blooded animals, of the heart affection. Plugge found that the motor 
nerves, and more especially their intra-muscular terminations, were al- 
ways paralysed ; but if the dose was small the paralysis might be ii 
plete. Bcehm and Wartmann, on the other hand, considered that thft 
motor paralysis had a central origin, a view not supported by recent r»t 
search. The action of aconitine in this way resembles curare. Tb« 
muscles themselves preserve their irritability, even after doses of aconi- 
tine which are five to ten times larger than those by which the nerre tefc 
terminations are paralysed. 

Po-il'mortem Appearances. — Among animals (mammals) the ft] 
pearances most constantly obseired have been hypenemia of the cerft- 
produced. The prescription wna taken to a pharmacist, who, instead of supply- 
ing Hottot's aconitine, supplied some other of unknown origin. The medicine 
was taken daily, and the dose raised to four granulpa. which were taken with 
benefit until the whole was exhausted. He then went to Hottot's establishment, 
and had a fresh supply, presumably of the same substance, but a very little tin» 
after he had taken bis usual dose oi four granules, he suffered from symptoi 
aconitine poisoning, headache, vertiKO. feebleness of the voice, anil mn» 
weakness, and was alarmingly ill. Be recovered after some hours ot medical^ 
treatment. 
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"bral membranes and bniin, a fulness of the large veina, the blood 
generally fluid — sometimes hyperteniiii of the liver, sometimes not. 
When acouitiue haa been administered aubcutaneoualy, there have been 
no inflammatory appearanue in the atomach and bowels. 

In case of Dr. Carl Meyer, who died in five hours from swallowing 
4 mgrma. of aconitiue nitrate, the corpse was of a marble paleness, the 
pupils moderately diial«d. The colour of the large intestine was pale ; 
the duodenum was much congested, the congestion being most mtense 
the nearer to the stomach ; the mucous membrane of the stomach itself 
was strongly hj-perffimic, being of an intense retl colour ; the spleen was 
enlarged, filled with much dark blood. The liver and kidneys were 
deeply congested, the lungs also congested ; the right ventricle of the 
heart was distended with blood ; in the pericardium there was a quantity 
of bloody serum. The brain was generally blood-red ; in the cerebral 
hemispheres there were several large cireumscribed subarachnoid extrava- 
sations. The substance of the brain on section showed many red bloody 
points. 

In a case recorded by Taylor, in which a man died in three hours 
from eating a small quantity of _aconitine root, the only morbid appear- 
ance found was a slight reddish-brown patching the cardiac end of the 
stomach, of the size of half a crown ; all the other organs being healthy. 

Separation of the Acanile Alkaloidtt.— It would appear certain that 
in all operations for thi' separation of aconite alkaloids (whether from the 
organic matters which make up the plant, or from those constituting 
animal tissues), mineral acids and a high heat should be avoided. A 
modification of M. Duquesnel's process of isolation is best — viz,, extrac- 
tion by alcohol, feebly acidulated with tartaric acid ; evaporation of the 
extract at temperatures not exceeding 60° ; re-solution of the extract in 
water ; agitation of the acid liquid with ether to remove impurities ;. 
and finally, precipitation by sodium bicarbonate. Any precipitate should 
be crystallised, if possible, several times from ether and petroleum, and 
lastly, converted into an acid oxalate, and regenerated from the oxalate 
by re precipitation with carbonate of soda ; or, if the alkaloid sought is 
derived from A. ferox, the purification appears best affected by conver- 
sion of pseudaconitine into nitrate (the nitrate of psoudacouitine is al- 
most insoluble in nitric acid containing 8 to 10 percent, of UNO,), and 
from the nitrate the alkaloid may be regenerated by sodic carbonate. 

In this way it is possible (should any of the preparations of aconite, 
or the root itself, have been taken) to isolate a more or less minute por- 
tion of an alkaloid, which, if applied to the skin, causes local anjesthe- 
sia. If a minute quantity is rubbed on the lip, orplaced on the tongue, 
it will cause tingling and numbness. In order to be personally ac- 
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(juiiinted with this feeling, the tiucture (or the liniment of aconite) can 
be tried in the eame way, and the sensationa compared. 

Tho chemical examination in the Lamson case was entrnsted to Dr. 
Stevenson, assisted by Dr. Dupr^, and was conducted on the principles 
detailed. The contents of the stomnch were treated with alcohol, and 
digested at the ordinary temperature of the atmosphere ; the contenta 
Were already acid, so no acid in this first operation was added. The 
miitnre stood for two days and was then filtered. The insolnble por- 
tion was now exhausted by alcohol, faintly acidulated by tartaric acid, 
and warmed to 60° ; cooled and filtered, the insoluble part being washed 
again with alcohol. The two portions — that is, the spiritnoua extract 
acid from acids preexisting in the contents of the stomach, and the 
alcohol acidified by tartaric acid — were evaporated down separately, and 
then were eshausted by absolute alcohol, the solutions filtered and dia- 
flolved in water. The two aqueous solutions were now mixed, and 
shaken up with ether, which, as the solution was acid, would not remove 
any alkaloid, but might remove various impurities ; the residue, aft^ 
being thus partially purified by ether, was alkalieed by sodic carbonate 
and the alkaloid extracted by a mixture of chloroform and ether. On 
■evaporation of the chloroform and ether, the resulting extraet was tested 
physiologically by tasting, and also by injections into mice. By means 
analogous to those detailed, the experts isolated aconitine from the 
vomit, the stomach, liver, spleen, and urine, and also a minute quantity 
■of morphine, which had been administered to the patient to subdue the 
pain during his fatal attack, 'WTien tasted, the peculiar numbing, ting- 
ling sensation lasted many hours. These extracts were relied npon aa 
evidence, for their physiological effect was identical with that produced 
by aconitine. For example, the extract obtained from the urine caused 
■symptoms to commence in a mouse in two minutes, and death in thirty 
minutes, and the symptoms obsen'ed by injecting a mouse with known 
aconitine, coincided in every particular with the symptoms produced by 
the extraction from the urine. 

In our present state of knowledge, the identification of the active 
principle of the aconites must rest almost entirely upon physiological 
evidence, for though the substance must bo isolated and identified as 
an alkaloid, yet the chemical tests (such as that it strikes a red colotir 
with sugar and sulphuric acid, and a violet when stirred up with some 
drops of syrupy phosphoric acid, and heated for fifteen minutes on the 
water-bath) are not to be relied upon. If they were, they arc deficient 
in delicacy. J. H. Munro • poisoned a sparrow with ■! grain of aconite 
root ; it died within an hour ; nearly all tho root was found in the 
gizzard, very little being left in the crop. The contenta of the crop and 
• Cher.i. Neio*. , vol. ilv., p. 110. 
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gizzard were mixed, and a separation of the alkaloid was attempted quite 
in the manner recommeuded above. The ultimate extract dissolved in 
a few drops of water, did not respond either to the taste or to any 
chemical test ; yet some bread-crumbs soaked in the solution, and ad- 
ministered to a tom-tit, killed the bird within two or three hours. 

With regard. to the manner- of using *^life tests/' ^xtlqq in most 
cases extremely small quantities of the active principle will have to be 
identified, the choice is limited to small animals, and it is better to use 
mice or birds, rather than reptiles. In the Lamson case, subcutaneous 
injections were employed, but it is a question whether there is not less 
error in administering it by the mouth. If two healthy mice are taken, 
and the one fed with a little meal, to which a weighed quantity of the 
extract under experiment has been added, while to the other some meal 
mixed with a supposed equal dose of aconitine is given, then the symp- 
toms maybe compared ; and several objections to any operative proceed- 
ing on such small animals are obviated. It is certain that any extract 
which causes distinct numbness of the lips will contain enough of 
the poison to kill a small bird or a mouse if administered in the or- 
dinary way.* 

* Dr. A. Laugg^uard has described a species of aconite root, named by the 
Japanese KHsor-usU, From his experiments on frogs and rabbits, its physio- 
logical action seems not to differ from that of aconitine generally. Uber eine 
ArtJaparUseheAJconit-knollen, Kflsor&sii gennnnt, u. liher das in denseTbenvorkom- 
mende Akonitin, Virchoufs Archiv, B. 79, p. 292, 1880. 
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